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ar IN the present edition, corrections are made of errors which
-+  were found in the first issue of the work. The temperature
7 stress in viaduct bents, which the author neglected to work
O .out in the previous edition, is made the subject of an appendix.
A proof of the theorems of Castigliano is also appended, form-
Q . . .

ing a supplementary article to the introductory chapter.
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PREFACE TO THE FIRST EDITION

THE present work is the outgrowth of a series of lectures
given to the students of Civil Engineering in the Tokyo Im-
perial University. It contains the solution of those problems
most commonly met in the practice of a bridge engineer, the
aim of the author being to save time and labor of those intent
on a more rational design of the class of the structures
treated, than is generally followed, by furnishing them with
necessary formulas for which rough approximation or even
guess-work frequently forms a substitute.

For different treatment of some of the cases discussed in
this work, readers may do well to compare the works of Pro-
fessors Burr, Greene, Du Bois and Johnson, and also those
of Professors Engesser, Résal, Winkler, Melan, Maiiller-
Breslau, Steiner, etc.

The author acknowledges his indebtedness for valuable
assistance in preparing the volume, to his colaborer Assistant-
Professor H. Kimishima.

Toxvyo IMPERIAL UNIVERSITY,

August, 19og. L H
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INTRODUCTORY CHAPTER

GENERAL PRINCIPLES

1. Most of the cases of statically-indeterminate stresses
occurring in the practice of a bridge engineer can be
solved in several different ways; but in this, the author
has made the exclusive use of the method of work as the
simplest and the most direct way for arriving at the results.

It is a well-known principle in mechanics that when
external forces act on an elastic body, the latter under-
goes deformations, which, according to the Hooke’s law,
are proportional to the stresses causing them, — the de-
formations assumed to be disappearing the moment the
forces are taken off. The work thus performed in the
body while being acted on by external forces, we call
the work of resistance. This internal work, which we
shall henceforth designate with o, may be expressed in the
following manner, for different kinds of stresses.

2. Direct Stress.— Suppose a straight bar having a
cross-section A4, length L, and modulus of elasticity E, be
subjected to tension or compression increasing from o to S.
Assuming the strain to be proportional to stress, the bar
would undergo, at any moment when the stress is s, a

deformation of
. sL

AE’
Since work equals the force into its displacement the in-
1



2 STATICALLY-INDETERMINATE STRESSES

crement of work performed in the bar at the moment
will be

sL
'E-ds,
so that for the total work of resistance in the bar we get
8sL S°L
o = A Eds = m I (I)

3. Normal Stress. — If the bar be a curved one with a
developed length of L’, then representing by N the nor-
mal stress acting at any section distant ¢ — measured
along the axis of the bar — from one end, we have, by the
same reasoning as before, for the work of resistance in

the elementary length dc,
N3de
2AE’

and for the total internal work in the bar due to NV,

N?de
w—szE......(z)

4. Bending Moment. — Let Fig. 1 dzfe
represent the portion of a beam, sub-
jected to bending moment A ; then in
any elementary length dx, at a dis-
tance of y from the neutral axis
NA, will be found taking place a deformation of

>
fectny
F

T

{I

Pig. 1

M
i ydx

in the elementary length of the fibre; and at the farthest
fibre,

M.,
ﬁ;hdx.
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Representing By I the moment of inertia of the section,
and by b the width of the beam at y, we get for the stress
acting in the elementary section bdy, the expression

M
Tbydy:

and consequently, for the work of resistance in the same,
1M M _m .
2 B 1 T W% =5 pp M
so that for the total work in the elementary length dx we
get

1 M? 4
; ﬁidx - byzdy H
and as
hl
by =1,

the total work of resistance due to the moment in length

! of the beam will be
_ f’M’dx ( )
0= | 2IE - - - - - G

5. Tangential Stress. — The deformation of a beam
due to shear is generally so insignificant when compared
with that due to the bending, that it may be totally neg-
lected without sensible error in the calculation of inter-
nal work. In passing, however, the expression for the
work will be given.

Let

T = tangential stress acting at any point distant x from
one end of the piece.

G = modulus of elasticity for shear.
4 = cross-section of the piece.
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Since the action of the tangential stress in the elementary
length dx (Fig. 2) is to produce the angu-

g lar change v, for which, were 7" uniformly
== distributed over the cross-section, we
] , would have,
; 1 ’ T
=3 Y=Ga’
Fig.a | and for the work performed in d,

T

Since, however, the intensity of shear at different points
of the cross-section differs with the form of the latter, we
have for.the internal work due to shear,

aT%dx
0 = f —;_G—I . e e e e e (4)

A (¥
a = ? _h”‘rsz,

in which

a quantity always greater than 1.

T ("
T = ﬁ‘/’: ydA,

h representing the distance of fibres above the neutral
axis where 7 is to be found, and b, #’, A” and y the same as
in Art. 4.

6. Theorems of Castigliano. — The fundamental prin-
ciple of the method of work has been enunciated by Cas-
tigliano in following words: *

1. “The displacement of the point of application of an

#« Theorie des Gleichgewichteselastischer Systeme,” von Castigliano,
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external force acting on a body — caused by the elastic
deformation of the latter — is equal to the first derivative
of the work of resistance performed in the body, with re-
spect to the force.”

II. “The partial derivatives of the work of resistance
with respect to statically-indeterminate forces which are so
chosen that the forces themselves perform no work are equal
to zero.”

In order to make these enunciations clearly understood,
an application of the theorems will be made
to a simplest case of statically-indeterminate
forces. In Fig. 3 let 1 and 2 represent two
columns with a length of L, cross-sections of
A,, 4, and moduli of elasticity of E,, E, con-
jointly sustaining a load of W. The latter
produces reactions Pig. 3

Syand S; =W —§,,
which are at the same time stresses in the columns. Re-

ferring to Eq. (1) we get for the internal work in the col-
umns the following expression:

_ S W — S)’L
® = 24,E, + 2 A.Ey,

If we represent by & the sinking of the load due to com-
pression of the columns, then, according to the first the-
orem,

and according to the second, since the bases of the col-
umns are assumed to be immovable,
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do _ _SL (=ML
as, A\E, AsE,
from which .
_ AE,
= AR 4R

7. The second theorem of Castigliano is a direct con-
sequence of the first one, and concerns a special case in
which the displacement of the external force is zero. In
other words, according to this theorem, a statically-inde-
terminate force makes the work of resistance a minimum
or a maximum. That it is a minimum can be seen by
taking the second differential coefficient of » with respect
to the force having a certain amount of displacenient.
Since the latter will increase with every increment of the
force, the second differential will be always positive. For
this reason, this theorem is otherwise known as the prin-
ciple of least work, which enunciates that the work of a
system of forces acting on an elastic system of construc-
tion will be the least possible which is necessary to main-
tain equilibrium, or, in other words, the external forces
so adjust themselves as to develop internal forces in the
structure which will make the total work of resistance in
the latter a minimum. The principle is a fundamental
one in the economy of nature and is applicable to all
cases of statically-indeterminate forces in which the forces
under question undergo no displacements. For this pur-
pose we have but to express » in terms of external forces
and to differentiate it successively with respect to the
forces to be found. The differential coefficients thus
obtained, set equal to zero, furnish as many equations
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of conditions as there are unknown quantities, The
rest of the operation for reduction is a simple algebraic
work.

8. It is to be borne in mind that in all forms of struc-
tures to be hereafter treated, the joints of every piece,
and the piece itself, are assumed to be free from all initial
restraints.



N\

<
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CHAPTER 1

TRUSSED BEAMS

\

9. A trussed beam is often treated as a continuous
girder resting on fixed supports, and sometimes as so
many discontinuous beams as the number of panels into
which the beam is divided. That neither treatment is
correct hardly requires any explanation.

In the trussed beam of Fig. 4, it is evident that for any

load W, as soon as the pres- .

» W > _l. :! . :

A_'-—‘li i5) ¢ ], surein tl.le post is made known,
> . stresses in all other members
: - will at once become determi-

Fig. 4

nate. Throughout the dis-
cussion of beams the following signs will be used:

Compression —.

Tension +. ‘

Moment +, when producing compression on the upper
fibres, and vice versa. ,

Representing by P the unknown pressure in CD we
have the following direct stresses in the several members: -

— Pi
AD=BD = +- 1»
— I
AB=—= %"

Let A, A, A, represent the cross-sectional areas, and
E, E,, E, the moduli of elasticity of members AB, CD,
. .
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and AD respectively. Then referring to Eq. (1) we get
for the work of resistance due to the direct stresses the

following expressions:

WorkinCD . . . . -—Pl e .‘(a)

zEeAz/,
2
“ “ADand BD . 4—%. AN ()}
« o« Pp
AB . W., o . . (6)'

The beam AB sustains beside the direct stress, the
bending moment which at any point dlstant X from 4 is

Atoa. . gw——g ’S

atoC . Wa—<€+u;a)x,

CtoB. . (‘il/g—é) - x),

so that for the internal work due to the same we get by
referring to Eq. (3) the following expressions:

P o
+jgl§ T"—’;’)(z—x)$ dx].

in which I denotes the moment of inertia of the section
of the beam assumed to be uniform throughout.-
Summing up the several works, we get for the total in-
ternal work:
o = (a) + () + () + (@)
Since the value of P must be such as to make o a mini-
mum, we get for
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do_,
iP~
the following expression,
Ph P PP 1 Wa*( —a) , Pa
o WP W WIS W WPy ¥ [ i T&
%f_W(l—a); B — 84 +W(l'—8a‘)
2 /) 24 24
Wa (P —4d®) WaP PPl _
- 8 24 +:§ =0,
from which
3al? — 44°
pP= 48 E,I - W
h + # + I} + s
Ed, " 2hEA, | 16 WEA, | 48E,1

(5)

To obtain the stress in each member it is simply neces-
sary to substitute this value of P in the expressions for
stresses already given. It is evident that the beam 4B is

subjected to bending and direct stress combined.

Differentiating the second member of Eq. (5) with re-
spect to a and setting the derivative equal to zero, it will

e found that P will be maximum for a = é, as might be

anticipated.

10. For a wuniform load w per unit length we have but
to substitute wda for W in Eq. (5)

(Fig. 5) we get,

and integrate between given limits
of loading for each half span.
Thus for partial uniform load e,w
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32— 2a?
GET 4™
P= . . .. (6
h LA B " [
EA, " 2hEAd, | 16WEA, T 48 E]
and for full uniform load wi,
58w
184 E, 1
P= 2 4By R ¢))
3 R 4 B + B
EA, " 2hEA, ' 16 KEA, ' 48 El

ExaMpPLE. — A wooden beam 12 in. X 10in. X 20 feet
long between supports, is reinforced by a steel rod 2 in. in
diameter and a cast iron strut 3 in. sq. and 2 ft. high. To
find the stress in each member due to a full uniform load of
1,200 lbs. per ft. run.

In this case

I'=¢5 X 10 X 128 = 1440
A, =120 A, =9 A3=3.14 h=124 l= 240
i =122.4 w = 1o0o (allinin. and lbs.)

Assuming
E; = 30,000,000 lbs. per sq. in.
E, = 15,000,000 ¢ “
E, = 1,500,000 “

we get in Eq. (7),

3

__S_ﬂ = 2, = .00000018,
384 EI EA,

]
— = .000017%, _£ = .0000083,
2 hE;A, . 16 h’E, A,

B
BEI = .000133,

P = 12,610 lbs.

so that
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Denoting by m the moment at any point x of the beam,
we have,
24,000 — 12,610x _ 100 5?
2 2

The maximum moment will be found when g';n = 0; t.e,
for x = 57 in., so that
max. m = (5695 — 2850) 57 = 162,165 in. Ibs.
The maximum fibre stress in the beam will therefore be

162,165 X 6 + 12,610 % 240
1440 2 48

I .
X e = 938 lbs. per sq. in.
The tension in the tie-rod is equal to

12,610 % 122.4
2 24

X — 10,240 lbs. per sq. in
314 , . q. in.

The intensity of compression in the strut CD is simply

12,610 = 1,401 lbs. per sq. in.

The following table shows the comparison of stresses in
the members as calculated above, with those obtained by
assuming the beam first to be continuous over three fixed
supports arid then to consist of two discontinuous beams.

Max. fib. stress Tension in tie-
P 1N Les. | in beam, lbs. Dif. rod, lbs. per Dif.
per sq. in. 8q. in.
Beam contin. on yield
sup. . . . . .| 12,610 938 10,240
Contin. on 3 fix. sup.| 15,000 1,062 |+13%| 12,180 |+19%
Discon. at centre . .| 12,000 1,000 |+63% 9,740 |— 5%

11. In the trussed beam of Fig. 6 the central panel,
owing to its lack of diagonal, is incapable of transmitting
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shear except through the beam itself. For this reason, so
long as the relative positions of points C and E are verti-
cally unchanged (which
would practically be the |
case when the beam AF |
has sufficient rigidity to
remain nearly straight
when loaded) the stresses

in BC and DE may be
assumed to be equal. Let P denote the pressure in BC
or DE, then by retaining the notations of the preceding
case, we obtain the following works of resistance due to
any load W, located between 4 and B:

Work in BC and DE . EZ«;‘,’
€ €« P2
AC, CE and EF . 'E3A3h2(3+ )
& 13 P2l3 .
AF : 18 E1A.1h2

The bending moment in the beam causes the following
work:

i[5 et [0 n
+ f gW,al( —x) % dot f (W,al _P) x”dx]

Summing up these expressions for work and setting the
first derivative of the sum with respect to P equal to zero,
we get,
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2h 24 2 2
r} * sEa)
Ed, T Bage t uEap T oEAR
! _2(—a) %‘L’ Q(ﬁ_ s
+2Ell|:32P ! W, 3+3 27 a‘)
_2Wa (18 o 1’)+2ﬂ‘-_Wan‘
I \162 2 ' 3 27 9
2 PP 2W,, —o
81 81 !
from which
(22 —-34a%0,
_ 18 E I
P_2h+“3'+ L+ 1L +5PWP(8)
E A, " Edt ' 27 BA T 9 B AR T B1ET

For any load W, between B and D we obtain in a similar
manner as for W, the following expression for P:

27"2(1_“2)—121
162 E 1
oh P P P, sF " O

B4, YV Eag t uEap Y 9B AR TS ET

P =

12. For full uniform load w per unit length, by substi-
tuting wda for W, and W, and integrating, we get,

11 Mw
P 486 E,1 . (x0)
2h L2 IS N 2 n B L5 P
E A, " EAg? ' 27 EAg? * 9EAR ' B1E]

ExAMPLE. — A beam with dimensions, materials and load-
ing, as in the preceding example, is trussed as in Fig. 6,
with # = 24 in. 7 = 83.5 in. Then in (10) we have
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11 Mo 6 2

BGEI = 3.47635, EAR 00002145,
2k _ .00000035, _F__ = .00000022,
E4, ¥ uEAR
s s

SEAR .00001485, BLEl 00039506,

so that
" P = 7,900 lbs.

Since the moment at any point x between A4 and B is

wl— 2P wx?
—_—x——)
2 .
the moment will be maximum for x = 41, and will be equal to
252,150 in.-lbs.
Again, since at x from 4 between B and D the moment is
wl — 2Px n P(x—l) wx®
2 3

the maximum moment will be found at x = 119 in,, and will
be equal in amount to 87,950 in.-lbs. Taking, then, the first
maximum, we get for the maximum fibre stress the following :

et |

2

252,150 . .
“Tazo X 6 + 7900 X 3h X v 1,270 lbs. per sq. in.

The tension in tie-rods AC and EF equals

7900 X %5- X -3—11—4 = 8,750 lbs. per sq. in.
while that in tie-rod CE equals
7900 X 2—3 X ;IT; = 8,060 lbs. per sq. in.
13. In the two preceding cases of trussed beams, when
the depth 4 of the truss is considerable the influence

of the beam will become lost in comparison to the truss,
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and such a structure approximates itself to a King or
Queen post truss whichever it happens to be.

14. A beam reinforced by sloping struts and a strain-
ing beam as shown in Fig. 7, is often met with in wooden
constructions. The
case is somewhat
similar to that of
Fig. 6. The rein-
forcing frame
CEFD could retain
its form only when
the forces acting at
E and F are equal; and since the beam AB will remain
practically straight under all circumstances, the reactions
produced at E and F may be assumed to be equal.
For any load W, between A and E, then, since X vert.
forces = o,

g

-2?1

Fig. 7

Ry+R +2P, —W,=o,

in which P, denotes that part of P due to W,. Taking
moments successively at B and 4, we get,

Ro —_ Wl(ll_ al) _ Pl

W,
]

R, = - P.

It will be seen from these equations that the reactions
at 4 and B will, according to modes of loading, be + or —,
which latter is to be met by anchoring the beam down to
the supports.
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The internal work of resistance may now be written,

P1 & P22 —21) im*dx
“EA R 2 EAR? s 2EI’

in which 4 represents the sectional area of individual
members of the frame, / the moment of inertia of the
beam A B, and m the moment at any point x of the beam.
Substituting in this the following expressions for m (the
origin of x being taken at 4),

Atoe . . gu—,i-(ll_—a‘)-—Plgx
e, to E .W—‘a‘—(ll—_—x)—Plx,
Eor . Hal=n_p,,
BtoF ..G%ﬂ-P)a—@,

and differentiating  with respect to P, and setting the
differential coefficient equal to zero, we get,

(311 L*—a)
1=2?_F”G uo TGT—aiy - - @
an AR 31

For any load W, between E and F similarly we get

(3a.l—l — 345")

+ llg(l 211) N 411)
Ahg AR? 31

It is evident that in this kind of construction, the beam
AB may be considered to be free of direct stress.

Pg=

(12)
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ExaMPLE. — A wooden beam 12 in. x 8 in. X 30 ft. is re-
inforced by sloping struts and a straining beam 8 in. x 8 in.,
with /, = 10 ft. and 2 = 8 ft. To find the maximum stress
in each member due to a full uniform load of 1800 lbs. per
ft. run.

Substituting in Eqs. (11)and (12) the following values,

i=1281t, 4 = 64 sq. in., I =1152ind4,
28 W@—z2l) _ 1231 — 41)
Ar= Al =% 37 2500,
61 = 6912,
we get,
l . I
z[a(3l,l—3ll’— Nwda 2 X — Mw
p.— o - 34
1 6912 X 2515 6912 X 2515
ll
fz 5, (3al — 1% — 34% wda Ly W
P. — 1, _ 162
? 6912 X 2515 6912 X 2515'

and consequently

_ (2 X 27,500 + 55,000) 12* X 150
P=P 4 P:= 6912 X 2515 = 19,680 lbs.

Comparing the maximum moments in the side and central
panels, it will be seen that in this case the greatest moment
-is found at £ and F and is equal in amount to

- 2
30 X 1800 _ 19,680 X 2 X 10 — 1800:(10

= — 16,800 ft.-lbs.,

so that the maximum fibre stress in the beam will be

16,800 X 12

1152 X 6 = 1050 lbs. per sq. in.
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Other stresses are as follows :

i4 =492 lbs. per sq. in.

Sloping strut, 19,680 X -1—28—8 X 3

Straining beam, 19,680 X Esg X EIZ = 345 lbs. per sq. in.

15. In wooden beam-bridges, the supports, instead of
being of masonry, often consist of pile-works such as
shown in Fig. 8. In

such a construction the L]

struts move laterally, «-z5* "l'; 2 F--->
owing to the bendingof ) i
the piles. It is neces- o , 5
sary, therefore, in the o [IOMT—Imal ]
summation of internal J

works, to take in the

work in the posts, each rig. 8 b

of which having one

end firmly fixed is simply supported at the other with a
horizontal load of %l—' acting at C and D. Calling the
moment of inertia of the pile J, and neglecting the influ-
ence of direct stress as being inconsiderable when com-
pared with that of moment, we get the following internal
work in the two posts due to 2, » the dotted portion of

h
the structure not being considered,

I "M_Iih(,—h2 f"oM ho—a)’ ]
Elo[j.:(ft; 7 T )x’dx+ h(—};;x—Pl, o dx |,
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in which M represents the moment at the base of the
post, and x the distance from A downward. Since the
value of M must be such as to make this work a mini-
mum, setting the first derivative of the above expression
with respect to M equal to zero, we get,

(h' — 1)

Py Pi,.

M =

Substituting this value of M in the above expression, the
latter becomes,

P’lxxg(ho—h)s(Z’»ho'*'h)g.
o 12h8

Adding this to the total work of the preceding case (Art.
14), and differentiating with respect to P and setting the
differential coefficient equal to zero, we obtain the follow-
ing equations for loads W, and W, correspondmg to
Egs. (11) and (12):

L L)

o= = |, BGil—al) ACEDRED)
AR? AR? 31 6 hil,

Wy.(13)

+

l
6—11(3421 -4 —3a,)

L'(3l—4l) + L2 (ho—h)* (3o +h)
31 6 ki,

Pa=3 2 132(1—21l) Wy (14)

At ar

+

The actual measure of %, will always be a matter of
judgment according to the nature of the ground into
which the piles'are driven. The heads of piles may in
most cases be assumed to be laterally fixed in position.
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When there are several consecutive spans with sloping
struts as shown dotted and in full, the thrusts at C or D
due to full uniform load will balance each other, and the
case will be that of Fig. 7, while load on one span only
will produce action intermediate between the cases of
Figs. 7 and 8.

ExampLE. — Using the same dimensions and load as in
the preceding example (Art. 14) and further with

ho = 18 ft. Iy = Y% X 15® X 15 = 4220 in#

to find the stresses in different members of the frame.
Here we have as before,

27 _ WE—21) 112(31'—411)_
AE=E ap =y g = e,
L2 (ho — B (3R + 1) _ _
6h03[o =172 61= 6912r
so that

2 X 27,500 4+ §5,000
6912 (2515 + 72)
Since the moment at any point x from the end of the beam
in the side span is, in this case,

P=P,+P,= X 12* X 150 = 19,130 Ibs.

1800 &2
2

]

1800 X 30
2

- I9713"-’) x =

it will be maximum for x = 4.36 ft., and as it is found to be
greater than the maximum moment in the central span, the
maximum moment in the beam will be

4.36 (7870 — goo X 4.36) = 17,200 ft.-lbs.

The beam acting as a tie for post-heads will have to resist
a pull of

‘Plifhy—h h(hi — K
T(%% - (h;ho' ))=9020 Ibs.
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We now have the following intensities of stress:

) 17,200 X sz 6 +gozo
1152 96

Beam

= 1169 lbs. per sq. in.

2.

Sloping strut . 19,130 X 18 X EIZ = 478 lbs. per sq. in.
Straining beam, 19,130 X I—; X 61_4. = 373 Ibs. per sq. in.

In the post, comparing the moments at C with M, the
latter is found to be the greater, and we obtain for the maxi-
mum fibre stress,

27,000 , 76,756 X 12
15 X 1§ 4220

X 6 = 1429 lbs. persq. in.,

showing that a considerable stress is thrown into the post in
such a construction.




CHAPTER 1I

VIADUCT BENTS

16. F16. 9 shows a common form of bents of an ele-
vated railway, the posts being

riveted to the cross-girder on top s

and firmly anchored at the base. s ‘h il
In this kind of construction the

bending of the cross-girder due ls Iy

to loading is transmitted to posts,
so that the latter are subjected

El

to combined stresses. g kb
The following designations will v Vi

be used: Fie- s

M, M, M, and M, . . moments at points 4, C, B, and D re-
spectively.

I,and I, . . . . . the moments of inertia of sections of
cross-girder and posts respectively.

B . . . . . . . . the height of neutral axis of the cross-
girder above the plane of anchorage.

b . . . . . . . . the distance apart of the axes of the
posts.

VandV, . . . . . the vertical reactions, positive upward,
at C and D respectively.

H. . . . . . . . thehorizontal reaction at C or D, posi-
tive when directed toward right.

E. . . . . . . . the modulus of elasticity assumed to be
constant.

23
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Calling those moments producing compression on the
outside fibre of the structure positive, we have the fol-
lowing moments:

M,—Hx . . . . . . . .inpost CA atxfrom C.

M, +Vx—Hhr . . . . . . incrossgirder at x from 4 be-
tween A and W.

M, +Vx—W(x—a) — Hh . . in crossgirder at x from 4 be-
tween W and B.

Mg—HMB—x) . . . . . .inpost BD at x from B.

The total internal work of resistance in the members

composing the bent, if we neglect the effect of all direct

stresses as being inconsiderable when compared with that

of the moment, would be,

I 'k A \ L
© =2El, ff., (M, —Hx)'dx +j; (My— Hh + Hx)?dx 2 + 7B
@ b
[ f (M, + Vx— Hhydx+ f M, +Vx—W(x—a)— Hh}zdx]_
0 a

Noting that

WG —a)+ M — M,

B b

the first derivatives of » taken with respect to M,, M,, and
H successively set equal to zero, will give the following
equations of conditions:

Vv

do h b b h b
i, = (7, + 37) + g~ (o,
Wa

+6—bI—l(2b—a)(b—a)—o.
do ho, b b (h AW
af."”'(fﬁg? RRTy Al vy Ay

+£fi(b’—a’)=o.

60I,
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d"' (M,+Ms)(h L)—Hh(;—h 1) 2Il(b 2 =o.

Combmmg these equations, we get the following values: of

H, M,, and M,:

__3lnab—-09
H 2h (Wl +2bl,)W

_ 1 1 b—2a _
Mt—z‘gh1,+zb1,'b(6h1,+b1,);“(b QW

I 1 b—2a
M'=?§hll+2bI,+b(6hll+bI,) bW .
Since
M, = M, — Hhand M, = M, — Hh,
we get,
M=—£33 2y b=28 LG _aw.
0 2 {hI, + 26T, ' 5(6 A, + bl
I, 2 b—2z2a
. M’=—?§h1,+zbl,’b(ehzl+b1,)}“(b"‘)w'
Again, since

= -{W(b —a) + My — M},
we now get

V- §:+ La(M—2a))b—a

YDA

(15)
(16)
(7)

(18)
(19)

(20)

It is evident that the maximum stress in post AC is
caused by the combined action of V and the moment M,

or M,, whichever is greater.
Similarly, since

Vl=-Il;{Wa+Ml-—M.;,

we get

Li(b—a)(b—2a){a
V"’g" b (6 AI, + bI;) ;’W‘
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17. If we represent by %, and '
h, the distances of the points of '
contraflexure in the posts (Fig. 10),
since

Mn-Hho=°’
M.—th=0,

we get from the preceding equa-

tions, Fig. 10
hIl+sz,g 1 b— 2a g
ho 3 Ui, +20L 5GAL vopstc ¢ @Y
hI‘+2bI,§ 1 b—2z2a g
hy 3 TR Y TR RTAS LA

b
For a= Py then,
ho = hl == gh,

showing that M, and M, will then be opposite and twice
in amount of M, and M, respec-
tively. ml I T .
18. The same condition will '
obtain in case of loads symmet-
rically disposed with respect to
the centre of the cross-girder.
Thus in the case of a single- Fig. x
track bent (Fig. 11), Egs. (16) to (19) will give for a
loading of 2 W,

_ __2Iza'(b—a)
MQ--M,— m « o o e (23)
M1=Ma=l.’a(b—a)Wo e o o o o (24)

hl, + 20l
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19. In case the posts are hinged at C and D (Fig. 12),

M, and M, will disappear from the preceding equations,
and

) 2 G L2 ) e e e e (25)

" 2h (2hI, + 301,

Consequently,

- ___3leb—0a
M= —Hh=— - yaoy7 - - - O

If the posts were hinged at 4 and B, there would of
course be no moment in the posts. '

4|
MofA 5~ BIm,g

ExampLE. —In the elevated-railway bent of Fig. 13 to

calculate the maximum stress in posts under full loading.
Given,
I, = 24,000 in.*

I, = 1000int
A, = 24 ins?
W = 50,000 lbs.

From Egs. (23) and (24),

b
2 LW 7, .
TR, + 200, 2 a(b — @) = — 582,350 in.-Ibs.

o

Mo=
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LW

M= 50,

13
2 a (b — a) = 291,170 in.dbs,
0

3
b—a
V=z 5 W = 100,000 lbs.
0

The maximum stress in the post will then be,

582,350 100,000 .
ooe 6 + —a - 7660 lbs. per sq. in.

Stresses due to moment in the longitudinal plane and
those due to changes of temperature remain still to be pro-
vided for in the posts. ‘

In case the lower end of each post is hinged, we get from
Eq. (26),

M, = T 2(2hl+ 301,

3

LW ) 2 a (b — a) =— 450,000 in.lbs.,
[

so that the maximum stress in the post will be,

450,000 6+ 100,000
I000

= 6870 Ibs. per sq. in.

It will thus be seen that so far as the vertical loading
is concerned, the stress in the post is increased by fixing
the lower ends of the posts.

20. Wind pressure also produces moments in the posts
and cross-girder of a bent. In the bent of Fig. 14, in
which the posts are constrained at both ends, the wind
pressures P and P, assumed to be acting as shown by
arrows in the axis of the cross-girder, tend to deform the
bent, as shown exaggerated in the figure. With the sym-
metrical disposition of materials and end conditions, as
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is the case under consideration, it will be easy to see,
without going into analytical works, that so long as we
do not take into consideration the lengthwise defor-
mation of the girder 4B,
which is generally inconsider-
able when compared with the
deflection of the posts, the
relative - position of points A
and B would always remain
unchanged, and as a conse-
quence both posts would be
equally bent by P and P,, or, in other words, the reactions
H and H, would be equal, and the points of contraflex-
ure in the posts would be at the same height above C
and D. Then, since equilibrium requires that

P,+P— (H+H)=o,

Pig. 14

we may put
P

+

H=H, = L . (27)

2

Passing a section through one of the points of contra-
flexure, and representing by .S and T the direct and tan-
gential stresses at the section of the upper portion (the
opposite stresses of equal amount being assumed to be
acting at the section of the lower portion), we have

H=T,

and taking moment at C (moments + when producing
compression on the outside fibre as before),

M, = Hh,.
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30 STATICALLY-INDETERMINATE STRESSES

In the upper side of the section, taking moments succes-
sively at 4, o, B and D, we get,

My= — H (b — hy)-

Sb = — (P, + P) (h — hy).
My=—T(h —he) —Sb=H (h — h)) = — M,.
M, =Thy— Sb— (P + P) h = — Hhy=— M,.

The moment at any point of the frame may now be
expressed as follows, the origin of x being taken at A4,
C, and D respectively:

Cross-girder, M, + M, — M“x =—HMh—h) + 2H (hb_ ho) %
Left post, M1+M°;M'x=H(h.,—x).
Right post, M, + M’+M’x = H (— ho+ %).

Neglecting the influence of direct stresses and shears as
before, we obtain for the internal work:

0= ;_i—;u/o.b(h— ho)? (fb_x— I)zdx + %:ﬁh(ho — x)dx.

Putting the first derivative of @ with respect to 4,, equal

to zero, we obtain,
bI, + 3 Al

h°=b—I,—-|-_-—6hIlh' e s e e o (28)
and consequently,
e My—— H(h—h) =— 3
My= =My =— H (b —ho) = = jr="gbr bH . (29)
== My = Hho= 23 My (o)

b, + 64,
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The direct stress in the post is S, being compression in
AC and tension in BD.

s=@&+ P;)(h —h) G1)
The posts are, therefore, subjected to bending and direct
stress combined.

If the posts were hinged at the base, M, and M, would
disappear, and as &, would then be equal to o, we get

Mo='—Mg=_Hh-

The reverse actions would take place if the girder were
hinged to the posts while the latter are fixed at the base.

/
L C A E
q Mo ¢ o->
Py4--Be T e I P+-£l 35 5
“~— ( 1 - .
A L .
_Pyd 2AL lr|
A A
A1
My
P i 7
Fig. 15 Fig. 16

21. In case the wind pressure P, acts on the train at a
distance of d (Fig. 15) above the axis of the cross-girder
in addition to P and P, acting on the structure as before,
the bent will beside its own weight be subjected to forces
due to the overturning moment of P,, as shown in the
figure. The moments as found by Egs. (16) to (19) for
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vertical forces are in this case to be combined ‘with those
by Egs. (29) and (30) for horizontal forces to obtain the
resultant moments and reactions.

ExampLE.— In the bent of the preceding example, suppose
wind pressures of 12,000 lbs. and 6000 lbs. be acting on
the exposed surfaces of the train and viaduct respectively
(Fig. 16).

To find the stresses produced in the posts due to these
wind pressures only.

Considering the horizontal forces only, a pressure of 18,000
lbs. acting at the axis of the cross-girder will cause in lee-
side post, according to Egqs. (29) and (30), the following
moments :

_ 45 X 24,000 18’000 __ 8 1
My 24 X 1000 + 90 X 24,000 X 15 X 66,780 ft.-1bs.
24 X 1000 + 45 X 24,000 18,000 .
= —— =.68 Ibs.
M, 24 X 1000 + 9o X 24,000 XI5 X — 68,240 ft.-1bs

The overturning moment of wind pressure on the train
produces one upward and another downward pressure -of
12,000 X IO

6 .
for which we get, from Eqgs. (18) and (16),

1000 2 24 — 30
M, = 7 X 20000 3(408,000 + 52,416,000) 15 %9

2 24 — 42 L )
- (408,000 + 52,416,000) 21X 3 ; = — 3580 ft.-lbs.

= 20,000 lbs. on the cross-girder at 4 and 5,

_ 1000 I 24—30
M, = 2 X 20000 §<408,ooo 52,416,000) 15 %9

I 24 — 42
B (408,000 - 52,416,000) 2 X 3; = 1700 ft.-lbs.
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As to the direct stress in the posts, we get, from Egs. (31)
and (20),
18,000 (b — hy)
24
The maximum fibre stress in the left post due to wind
pressure will therefore be a compression of

V= + 5000 = 10,565 Ibs.

(66,780 + 3580) 12 . , 10,565 ,565

To00 = 5505 lbs. per sq. in.

Tilis amount of fibre stress is but little less than that due
to full loading found in the preceding example.

In case the lower ends of the posts are hinged, /7, would
be
— gooo X 15 = — 135,000 ft.-lbs. nearly,
and ‘

V;IZ,OOOX25+6OOOX15
24

= 16,250 lbs.,
so that the maximum fibre stress will not be less than

= 10,397 lbs. per sq. in.

135,000 X 12 X 6 " 16,250
1000 24

These figures show that P B, P
the decrease of moment due N :
to vertical loading by hing- " My
ing the lower ends of the % D\ B

1 T

posts is far more than neu-
tralized by the increased
moment caused in the same
by wind pressure.

22. In a bent with simple
cross-bracing, such as shown in Fig. 17, acted on by
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wind pressures P and P,, if we suppose all the joints
of the bracing to be hinged, there would be two points
of no moment in each post, viz.: 4,B, and the points of
contraflexure o, o. Also there would be no moment in
any member of the bracing. Passing a section through
o of the post AE, and denoting by T and .S the tangen-
tial and direct stresses acting at the section of the upper
portion, as in the preceding case, we have

P+P

2

T=H=

Taking moments at E and C,

M, = Hh,,

My=—T(f—h) =—H (f — k),
s=—Mo’

M3=—Ml.

Taking moment at o of the post BF,

—Sb— (P,+ P)(h— hy) = o,

or _ (Pl + P) (h— ho)
e

S (32)

Then at any point distant x from E we have the follow-
ing moments in the post AE:

Eto C, M,+M°;,M‘

x = H (hy — x).

Ctod, My-"2G—s)=H(/—h)(5L—).

The corresponding moments in the post BF have simply
the opposite signs.
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Neglecting, then, the influence of all direct and tan-
gential stresses both in the posts and bracing, we get for
the internal work of moments in the posts:

w=EIZ—;;£,(ho—x)’dx +£A(f—w’(x:f—r)zdx§-

Integrating, we obtain,

om BN (i —mr+ D) 4 S0 nr .

Differentiating » with respect to 4,, and setting the dif-
ferential coefficient equal to zero, we get

S(h+S)
_ ho=;m < e e e e e (33)
so that
Mx=—M,=%-+2—§;H. N )
32
Mo=—M2=—'2—(h—+27)H e « « .« (35

To obtain direct stresses in the posts and braces, pass
a section through AB, AD, and CD; then, considering
the left portion of the section as far as to the point of
contraflexure, the moment taken with respect to D will
give, by calling, as before, compression — and tension +:

—Sb—T(f—hy) — Pee+AB-¢ = o,
from which

— Sb+ T(f—h)+ Pe_

!
iB = Pl—P.
€

2

(h — ho)
=P+ P
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Taking moment at 4, we get
—T(h—h)—CD.e=o,
from which ‘
CD =

Th—h)__P+P)h—h)
e : 2e¢

Further, since 3V = o at the section,
—S—ADsina = o.

Whence S (P, + P)(h — hy)
— . — ke
AD=—sina= l b sin a )
A B The direct stress in either post is
. ,  Dothing else than S, being com-
< 3| pression in 4E and tension in BF.
I In case the wind pressures are
Jt NEARE supposed to be acting at points
e F C and D (Fig. 18), the condition
7% . .
Pig 18 of affairs remains unchanged so

far as moments in the posts are
concerned. The only differences with the preceding case
are in direct stresses. Since, here

so_ Pt P (F=h)
b ?

we get for the direct stresses in posts and braces the
following expressions:
py P Lk Piif—hO)'

(:,3=_(P,+Pz£h—ho)+P”

Dot BFEPU—h)

b sin a
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It is to be noted that the neglect of direct stresses in the
calculation of internal work implies the indeformability
of the frame ABCD, which is evidently not true, but the
effect of its deformation is generally so small that the
formulas-deduced above will
be practically correct.

This form of construction

2000 LB&, 25000 LBS.

’

is more common in portal =t
bracing of a- metallic bridge ot Y
[T A=ss g 15

than in viaduct bents, of

which former, the following

example furnishes a case.
ExampLE. — In the portal Pig. 10

bracing of Fig. 19 find the

stresses in braces and the greatest fibre stress produced in

the posts in carrying the wind pressures as shown, down to

the masonry.

- From Eq. (33),
16 16
hy = —% = 8.9 ft.
From (34) and (35),
M, = 13,500 X 8.9 = 120,150 ft.-Ibs.
M, = — 13,500 (16 — 8.9) = — 95,850 ft.-lbs.
From Eq. (32),

§ = _ 21,000 (22 — 8.9)
16
Consequently the maximum fibre stress in the post will be

/

16

= — 22,100 lbs.

22,700 | 120,150 X 12
55 8000
being tension in the right post and compression in the left
one..

X 15 = 3105 lbs. per square in.,
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Supposing the diagonal braces to be capable of resisting
tension only, only 4D would be in action with the given
direction of wind pressures, and we get,

AB= — (20004 25,000) (22—8.9) 4 2090 25,000 —40,980 1bs.
2X6 2

=5_ _ (2000 + 25,000) (22 —8.9)

CD= 2 X6 = — 29,480 lbs.

D= (2000 + 25,000) (22 — 8.9) — + 63,160 Ibs.

16 X .35

23. In a bent with knee-
bracings, such as shown in
Fig. 20, assuming all the
members to be hinged at
their connections and the
base of each post firmly
anchored to the masonry,
we have, as before,

H=H1=P-';Pl'
T=H,
G _(PHP)(—h)
- (b~ b,
M,= — M, = Hh,
My= — My= — H (f— hy),
M= == — 16— 1) (520),

h, representing the height of the points of contraflexure
as in all the previous cases.
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Considering bending moments only, we get for @ the
following expression; the origins of x being taken at C, E,

~A,and F:

f(M — Hxpdw + - f My —2o,) 4
EI, °T e
v (M, f 2 M,
+F,1f( )d Yo (M; Mx) i,

in which I, and I, represent the moments of inertia of
the strut AB and posts AC and BD respectively. Since

aM, M dM4 b—2a
we get for
gdo _
dhy @

r f’sz(h— ) d +J—f—2H’U—h) : x)’d '
EI—.’ A 0 X X EI’ , o( "“; X

)2 (h — ho) 2* dx

I @ b —2a
+E—I“/:—2H"‘( ab

1 b—za b — 2 a\? 2x \?
+2E11.£_2H’(h_h°)<_b_‘) (I_b—za)dx=°'

from which
hy =

b, h+ /) f+I,(b—2a)Ph 6
20l G+ 2 T LG —zaf - * 6O

Knowing %,, the moment at any point of the bent may
at once be written. Thus,

Cto E, H (h, — x), origin of x taken at C,

Etod,—H (f— hy) (I - %7) y origin of x taken at E,
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AtoF,—H (h — hy) (” ‘b’ ")g origin of x taken at 4,

FtoG,—H (h—hy) (” =

a 2% ..
)(1 _b—za) » origin of x taken at F.

The moments in the right half of the frame are simply
opposite in signs to those of the left. The direct stresses
are obtained in the following manner:

Passing a section through 4 and EF, and considering
the left portion above o, the moment taken with respect
to A will give:

—T (h—hy) —EF +- i=o,
or
R !

In the same section, since 2V = o,

— S+ AE + EF cosa = o,

from which
E=S—ﬁ‘003a=H(h_h;)b(b'_2a)=—ﬁ,
CE=S——M= — KD

Passing a section through AF and EF, and considering
the left position of it, since £ Horiz. forces = o,

H — P, + AF + EF sina = o,
from which

A—F=P,-2—P+H(hc—ho).
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A vertical section through FG will give for the left half of

the section, .
H— P, + FG=o,
or

FG = H+P—P_P

At a section through GB+and GK we have for the left
portlon of the same,

H-—-P, + GB + GK sine = o,

from which
. B PP _H(G—h)

2 [
Like the last case, this form oo Loy, [—5f—5" : 1000 L56.
of construction is often used VA -
for portals, especially of a | [eg/s" X
wooden bridge. The fol- | KM . Y
lowing example is a case of .| e
the latter.

C| My D

ExampLE. — To calculate
the stresses in the portal of a
wooden bridge, of Fig. 21, due to wind pressures as shown.

Pig. a1

6 3
Here I = sz

= 864 in.4,

12 X 188

I, = = 5832 in.¢
Substituting in Eq. (36) the values of several terms, we
get,
hy = 15 X 864 X 42 X 10 + 5832 X 52 X 16
T 2X 15 X 864 X 36 + 5832 X §?

= 7.21 ft.
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9000 + 1000

Then, since H = 2 = 5000 lbs,,
M, = 5000 X 7.21 = 36,050 ft.-lbs.
M, = — 5000 (10 — 7.21) = — 13,950 ft.-lbs.
M,= — 5000 (16 — 7.21) % = — 14,650 ft.-Ibs.
The following are direct stresses :
CE = — 199 (‘165’ 7-21) _ _ cg6olbs. -
EF= — w}?—;ﬂ = — 11,566 lbs.

GK = + 11,566 lbs.

AF = 9 : Ioco | 5900 (166— 7-21) _ + 11,325 Ibs.
FG — 990 T 1990 _ | 4000 lbs.
TB = 90002— 1000 5000(12—7.21) — — 3325 Ibs.

The following comparisons of maximum stresses in
members, as calculated on assumptions of fixed and piv-
oted ends of end posts, show that there is a considerable
margin of safety in the statical calculations as generally
followed in designing a portal brace of this kind, when
the post ends are really fixed.

MAXIMUM STRESSES IN LBS. PER SQ. IN.

AC. EF. AB.
End Conditions.

Direct.| Bending | Total. | Direct. | Direct. | Bending. | Total.

Fixed . . . 27 668 695 321 157 1221 1378

Hinged . . 49 926 1075 658 240 2223 2463




CHAPTER II1

CONTINUOUS GIRDERS

24. Ler Fig. 22 represent two consecutive spans of
a continuous beam, sup-

posed to be resting on im- y
movable supports of such : *3%' -

heights that the girder f,, = kv = I

would be unstrained were o R
it completely unloaded.
The following designations will be used throughout the

discussion:
Mp Mzr MB

my, My Mgy My -

Pig. 22

. moments in the beam at the supports 4, B, C
respectively.

. reactions at 4 and B respectively, due to mo-
ments and loads in span /.

. reactions at B and C respectively, due to mo-

ments and loads in span /,.

. distances of loads from A and C respectively.

. moments of inertia of the beam at 4B and BC
respectively.

. moments at any points between A and W,, W,
and B, B and W,, W, and C respectively.

. modulus of elasticity assumed to be constant.

Forces acting upward are positive, and vice vers.
Moments causing compression in the upper fibres are posi-
tive, and vice versi.

43
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Tension is taken as positive, and compression, negative.
Neglecting the effect of shear, we have for the internal
work in the beam,

2 _L‘fb 2 ‘f" 2 )
0= zEI(./ mldx-l-f ) 2EI,(0 mldx + bm,dx.

The reason for taking two consecutive spans as an ele-
ment of indefinitely continuous girder and confining the
‘summation of internal work to them, lies in the fact
that in order to find the value of M, which will make o
a minimum, it is unnecessary to go beyond the two spans,
since M, depends, as will be seen immediately in the fol-
lowing, on M, and M, and loadings on /, and /, only.
Calling, as before, those moments producing compression
in the upper flange positive, and vice versi, we get the
following equations:

= M, + R,x, origin of x at 4,
m, = M, + Rx — W, (x — a), origin of x at 4,
m, = My + Ryx — W, (x — b), origin of x at C,
= M, + Rgx, origin of x at C,
W, G — d) M,— M,
h o
w,(@,—b M,—- M

(A - ) M, . s,

Substituting these equations in the expression for work,
and setting the first derivative of the same with respect
to M, equal to zero, we at once obtain the following
equation :

dw
a,

‘Rx

R.=

"(M+2M)+ (2 M, +M,)+ (l’—a’)

+l_lz(1,_bz)=? S e e e 37




CONTINUOUS GIRDERS 45

Whence for any number of loads, we get when I, = I, the
following:

EW“ G- 2>—‘——W”(z, —B). (38)

M+ 2 M, (4 +1,) + Myly= —

25. For partial uniform load w per unit length (Fig.
23), we have but to replace W, and W, with wda and

T e

Fig. 23 Fig. a4

wdb in (38) and integrate between given limits to obtain
the following equation:

M+ 2 Myl +0)+ My = — Gl =) = (312 =1, (39)

For full uniform load, Eq. (39) becomes \
M +2M,( + 1) + Malz__Tl_—— -« (40)

26. In case both ends of the girder are free and simply
supported (Fig. 24), M, and M, will be equal to zero, so
that we get from (38),

2Ma(lx+l)——%(ll )—g—W—b( =¥ . (1)

- et

Fig. a5
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27. If the left end of the girder were firmly fixed and
continuous at the other end (Fig. 25), then it would be
equivalent to making I, = «in Eq. (37), and we get

2le,+M,l,——m(l’ B .. . (42)

28. Similarly if the right end were fixed and contin-
uous at the other (Fig. 26), we would obtain

éWa

M+ My =—22002—a) L. (43)

29. When a beam with uniform cross-section i1s con-
tinuous over several supports (Fig. 27), apply Eq. (38)

M=0 Mg Ms Mg M’!
e . 11 l’ e l. ] l‘
Fig. 37

successively to every two spaces (paying attention to
suffixes), in the following manner:

Landl, o+2M,(h+h)+My,= _ﬁ‘wa(l!z_az) _ éWb(lzz_ bz).

h A
hand by, Mol + 2 My(ls+ 1) + My = _gw“(’z"a’) _ ng(l;:— )

gWa(l,’—a’) ng(h =),

hand I, Mys+2M,(ls+1,) + M, = 1,

In this way as many equations as there are unknown
moments could be obtained. The rest is a purely alge-
braic work.
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30. In all the foregoing cases of continuous beam, the
supports were supposed to be unyielding. If, however,
the beam were made to rest on a comparatively yielding
support or supports, such
as tall metallic columns ! Mo s im,
for instance, then the
deformation of the latter
would modify the bend- “
ing moment in the beam
by so much as the de- anb
flection produced by the
sinking of the support makes the beam to take up a por-
tion of the load. Fig. 28 shows a beam continuous over
three supports, of which the intermediate one is a
column of the same material as the beam.

Using the same designations as before, we have for o
due to W, only

__r ¢ o fl’ 2 2 kR
0—m§£ mldx+J;m2dx+omadx+2EAl

in which 4 represents the cross-sectional area of the col-
umn, and R, the pressure acting in the same.
Since

ﬂ_’Jli

=W'(l‘_a)+M’_M,’

R, I 2

M —M, M- M, We
Re= =g+,
R._M,ZM,,

R, + R+ Ry = Wv
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and m, = M, + Rx, origin of x at 4,
m, = M, + Rx — W, (x — a), origin of x at 4,
my = My + Ryx, origin of x at C,

substituting these in the equation of work, we get for

do
oM,

=°,
LM+ 2 M, U+ 1) + My + D00 —
61 ht2M, 0+ )+ sls+l—(ll—'a)

_hfr 1\ (M= M, M,—M, Wa)
AQ*Q( i

In case M, = o, and M, = o, we get

1{W—ﬂ_£c+1}
mo WU 6T "\ "5}

2= ll+lz+££+£2 1o * s e e o o . (44)
31 A(ln lz)
For W, and W,
Wail—a® k(1 2 Wb gz —B k1 3)%
112 61 A(z,+z,) + 6T Z(Tl"'l,
M,=— -(45)
ll+l+h( +1)=
31 AT
Ifl, =1, = I, we get for W,
a(P—ad) 2ah
61l AP
M,=—l—4hW,...........(46)
31" AP
whence
al? — a®
R=—3%2 "2 W, . . .. e e (4D
(F+2)
304 37
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31. If, owing to any cause, the central support were
found, either to yield when loaded or to be so displaced
that the beam has to deflect to bear on the supports, the
force exerted simply to keep the beam on to the latter pro-
duces reactions and moments. That force is no other than
R, which has for its displacement the deflection of the beam.

Represent by A / the deflection of the beam at the cen-
tral support, reckoned in y
the direction of the force, ;l =7 M;‘
acting through it, i.e., neg- . B
ative for sinking, and vice
versi. Let M, M, etc,
be moments caused by the motion of the support. Then,
according to the first theorem of Castigliano (Art. 6),

Fig. 29

do
ar, ~ A"
Since
M- M, M,—M,
R, = I + A ’
and for the internal work we have as before,
[
2 2 2 2
w 6M(M + MM, + M) + g (M2 + MM+ M),
making M, the varlable,
G
we get
dow
fandgin M)y—— =Ah,
dR, 6EI{II(M +2Mz)+l (MS'I' 2 2)}
L lz
from which

M, + 2 M, (1, + ) + My, =— 6 EIAR (li + z'l;) 48)
1
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In case the central support sinks by s, then Ak = — s,
and if in that case the ends of the girder were free, we
would have

zM,(l,+l,)=6E1s(lf+;:) N 7))

If, instead of the central support, the left support, for in-
stance, deflect by A &, then in this case, since -

M2
w = 6_—Ezl(l‘ + lz)’
M,
R, = =3,
1 ll
we get
do _ MG+ D)
dR, 3 EI
whence
_ 3EIAR
M,= l__—,(ll+l,) P (1))

ExaMPLE 1. — A continuous girder with a length of 200
ft., and a uniform section whose depth is 16 ft. and moment
of inertia 552,960 in.4 is supported at its centre by a metallic
pier 50 ft. high and 50 sq. in. in section. To calculate the
maximum stresses found in the chords and pier due to a full
uniform load of 3600 lbs. per ft. run.

From Eq. (47),

1
f (3aP — a®) wda
R, = 2 5 lw = 440,000 lbs,

4h 20 4h 270
sl(A +3I;) 6I(A +3);)

2R, + R, — 3600 X 200 = o,

R, = 3600 X 100 — ﬂ),?o_cg = 140,000 lbs.

Since
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Comparing + and — moments in the girder, the latter
will be found to be greater in this case, being at the central
support

100?
2

140,000 X 100 — 3600 X = — 4,000,000 ft.-lbs.,

from which we obtain for maximum flange stress in the girder,

4,000,000 X 122 X 8
552,960

and for the stress in the pier,

= 8333 lbs. per sq. in.,

449,900 _ 8800 Ibs. per sq. in.

ExampLE 2. —If in the foregoing example the central
support were of masonry, so that it might be considered
practically indeformable, but owing to yielding foundation,
suppose it to settle by .176 in., what would be the moment
and reaction at the centre, assuming £ = 30,000,000 lbs. per
sq. in.?

From Egs. (41) and (49),

1 ! 3 EIs wP 3 Els
—-_ —a? = 4 9=
M, = 2P£a(p a®) wda + iz s 2
__ 3600 X 100 " 3 X 30,000,000 X 552,960 X .176
- 8 100* X 12°

= — 3,093,120 ft.-1bs.,
from which

3,993,120

R, =2 (3600 X 50 + 00 ) = 440,000 lbs,

32. When the truss forming a continuous girder is of
considerable depth, the influence of deformations of web-



52 STATICALLY-INDETERMINATE STRESSES

members which has been neglected in the foregoing dis-
cussions becomes felt to some extent. A method of tak-
ing the same into consideration will be explained when
deducing formulas for swing bridges. Trusses contin-
uous over several- supports are, owing to several draw-
backs, so seldom constructed, that it will not be necessary
to go farther into the subject in this place.

SWING BRIDGE, WITH THREE SUPPORTS

33. For a swing bridge with three supports, when it is
of plate girders or trusses of comparatively small depth in
which the effect of defor-

R g Ry " £ mations of web-members is
v —*  inconsiderable when com-
| : j; 1 pared to that of chords,
Fig. 3 Eq. (41) may be used with

correctness sufficient for all
practical purposes, and from it other necessary equations
may be at once written.
In (41) making /, = [, = I,

W, o — o —
M, = - Wil ")4"1;2W’b(” B s

=

oL

|
o~ -

M, + SW,( — )},
R, = §(— 2 My + SWya + SW,b),

R.=
R1+R2+R3=2W1+2W3o

o~ -

{M; + SW,( — b)},
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34. When both ends of the bridge are simply sup-
ported without being raised, the dead-loads act as on two
overhanging arms, either when the bridge is closed
or open, the live-load alone
acting as on a continuous
girder on three supports when
both arms are loaded par-
tially or fully. Fig. o1

When the moving load is
a uniformly distributed one of w per unit length (Fig. 31),
then from Eq. (39),

M,=— o’ (212_012)1‘46';13 (2 — blz)-w . - (52)

M,  wa,(2!—a,
Rl = T —_—zl )

P AL )

) 2!
M,  wb (21— b))
=Tt

R, + Ry + Ry = w(a, + by).

R,

If in this case, one arm only be loaded, then the end of
the other arm would be lifted clear of its support, and the
loaded arm would be a simple girder with span length /.
This mode of loading generally gives maximum positive
moment and shear, which are for the left arm at any
point distant x from the left end,

m = 2% ¢ — =) for full load,

='w(l-

x)? .
S=—"7 for load covering (} — x),
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s denoting shear taken as positive when it tends to move
the left side upward past the right side of the section. A
little consideration will show that the greatest negative
moment and shear at any point of the left arm will be
produced by the greatest negative amount of R, com-
bined with load between the point
and the left end of the arm. Now
from the expression for R, it will
be seen that all loads on the right
- arm make R, negative, while those on the left arm posi-
tive. Consequently the maximum negative moment and
shear at any point x (Fig. 32) will be caused by the
load covering the right arm and the portion of the left
arm between the point and the left end of the arm.
They are,

Pig. ’y

m=R,x—u;—xz=— x’(z[‘l-;;’) +8_ x(lz-l-x) wx,
s§s=R —wx =— gx’(;ﬁ!_a;’)—-l'!_‘ +2£l§w

The absolute maximum negative moment will, for the
same reason, be found at the central support when both
arms are fully loaded.

These considerations are all that will be necessary in
determining maximum stresses in different members of
the truss.

35. In case both ends of the bridge are fully lifted, the
dead-load will be supported on three supports when the
bridge is closed, and the central moment due to the same
is to be calculated with Eq. (51) or (52).
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36. When the girder, instead of being a beam as in the
preceding case, is a truss with considerable depth, the
deformations of web-members may sometimes be so great
that it would be necessary to take them into consideration
in accurate calculations. To do this, however, since the
dimensions of each member of the truss should be known,
it is the general practice to make preliminary calculation
of stresses in all the members with the external forces as
found by the equations already given for the case of uni-
form cross-section, with the effect of web-stresses neg-
lected, and afterward to make such tentative corrections
as are necessary on the dimensions according to the more
accurate computations based on them. The following is

an accurate method of determining the external forces.
Let

A = the cross-section of any member of the truss,

E = the modulus of elasticity of the material, assumed to be
constant,

S = the stress in the member,

L = the length of the member.

Then for the total internal work in the truss in which
the members are subjected to direct stresses only, we
have,

S?L
m.......(ss)

0=73

In the swing-bridge truss of Fig. 33, since M, must
always be such as to make the total internal work a mini-
mum, if we now express .S in each member due to any
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given loading in terms of M, and substitute it in (53),

then from
do

dM,
we can at once obtain the required value of M,. For
simplicity, as-
sume two
symmetrical
loads W,W
and distin-
guish 4, S
and L of each

Pig. 0 member with

corresponding

suffixes and the arm-lengths of several members as shown

in the figure. Then taking moments at the successive
sections, we get the following values of S;

=0

L
S, = _Rho
d
Ss=R1m’
s WE@+p -
Si
o Wd+p-
e d+2p
S, = W{d+ p) — Rd
___—f; ,
So=_R2)
S1=—R_12’
8o
S‘=_(2R1_W)p’

&
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S,—_-Rl'};';r
s_(le_W)p
w——“T‘—’
s,= GRi—2W)p
hy
and since
R,=£’+2—,
3 3
2 M, 2W
= + —
& 37 3
M, 2W
=— 4 —
& 39 3
Ri+R,+Ry=2W.

Substituting, we get,

Phy NOT  “S
EZR‘ho’A +2R‘(d+p)’A+ -+ R +2Rg ;

Setting the first derivative of @ with respect to M, equal
to'zero, remembering that,

dR, dR, 1
M, M, 37
9R, __ 2
M, 3ﬁ’

we get,

R, =

Ly | L, L :ﬁ, 29 64

4@+ {fu,*un»)u. A A .nu. i Ay
1 Ly L, Ls ) "1 L, 4La‘L y 4 : 42 + 92
Fod, @Ay oAy @Ay iyt Ae :&A,*nu. FA Ay kA WA

whence M, and R, may be obtained by substitution in
the foregoing equations.
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In this way R,, R,, and M, are to be calculated for dif-
ferent modes of loading in order to obtain stresses due to
them.

A comparison of approximate and correct methods of
computation shows that the difference in results obtained
by the two methods is generally inconsiderable, as will
be shown in the case of a swing bridge with four sup-
ports (Art. 37).

SWING BRIDGE, WITH FOUR SUPPORTS AND PARTIALLY
CONTINUOUS

37. A swing bridge fully continuous over four supports

has probably never been constructed, owing to practical

difficulties in con-

:I/L vl:z struction arising

. M it from the great dif-

’ _ » ference in amounts

R S ., between central

Pig. 34 reactions when

the bridge is par-

tially loaded, which may necessitate special provisions

for holding down the central supports on to the ma-

sonry. For this reason, such bridge is made either

partially continuous or entirely discontinuous. Partial

continuity in such case is effected by omitting the web-

members between central supports, thus cutting off the

.means of transmitting shear from one span to the other.

Fig. 34 shows this kind of construction. As there can

be no shear in the panel BC, it is evident that M, will
always be equal to 3/,

L9
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Represent by

m, = moment at any point x from 4 between 4 and W,.
my = moment at any,point x from 4 between W, and B.
mg = moment at any point x from D between C and W,
m, = moment at any point x from D between W,and D.

Assuming the truss to have uniform moment of inertia I,
and neglecting the influence of deformations of web-
members, we get for the internal work due to moments:

I ” 1 A i b
0o=— f m?dx +fm,2dx +fM,2dx+fm3’dx+f m,’dxg..
2EI 0 a 0 b []
But

m, = Ry

{Ms + W, (0 — a)} =,

NIH

M —
m2=Rlx—Wl(x a,)—T2 +M§x),

mB=R*x—-W2(x—b)=A_§_’x+w,

my= R = §M2+Wa(l—b)§

o~ -

Substituting these values of m in the above expression for
work, we get for

dw
M,
the following equation:

=O,

2 {M:+ W,(Il — a)} - + 2 My + 2 { My + W, (0 — b)}-

2P 2
—--Wl(3 al+3l) (—3——bl+ )W,—o,
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from which generally for any number of W, and W, we
et
£ _IWa P —d) 3IWHP V) (s4)
I6h+4)  IGh+ap =~
Knowing M,, all the external forces become at once
known, thus:

R = {M, + 3W,(l — a)} ;

M’=

Ry= (— M, + 3W,a) %
Ry= (— M, + SWb) ;

Ro= {My+ W, ( — D)} 3

R, +R, + Ry + Ry = SW, + 3W,,
These equations give approximate results for most kinds
of trusses; a more accurate result is obtained by taking

the deformations of the web-members into considera-
tion, and forming
0= 2L
2EA
extended over all the members of the truss, as explained
in the case of three supports, the necessary 4 and .S being
provisionally obtained by means of the approximate
equations above given. The mode of loading to give
- maximum moment or
shear at any point in
the truss is essentially
the same as in the
case of three supports.

" ExampLE. — In the
swing bridge of Fig. 35 to calculate the reactions due to
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uniform moving load of 10 tons per panel, when both arms
are fully loaded. ‘
For the assumed position of moving load,

R, = 50 — R,.
The following stresses and internal works may now be
written I
4 S2L

Members. S. L (ft.). (sq. in.). TEL"

AB 1.2§5 R, 45 40 1.76 . %)
E1ll BC | 1.25(&, —10) 45 | 30 234 (R, —1 %)
-é cD 1.25 (R, — 20) 45 25 2.81 (R, — 2 “)
o /| DE , — 20 36 25 144 (R —2 )
81| EF | n25(R, —30) 45 25 281 (R, —3 %)
32 || e R, — 30 36 | 30 12 (Bi—3 )
B || GA | 125(R — 40) 45 | 30 2.34 (Ry— 4 )

HI | 22 (R —364) 45 | 45 48 (R, =3 ()

J7 1.2 (R, — 25) 45 40 1.62 (R, — 2 “)

L[| B2 | 15 (Bi— ) 54 | 35 3.47 (R, — “)

g DF | 2.25(R, — 10) 27 40 3 42 (R, — 1 “)
O {| F4 3 (&, — 15) 27 40 (R, —1 “)
all &7 3.79(& —25) 28.5 30 13 68 (R —2,, " )
Pl x| 36 (R-29) 18 | 30 7.78(R - 25055
. AC | o.75 R, 54 25 1.21 R?
= CE | 2.25(R, — 10) 27 40 3.42 (R, — to)’( )
© | EG 3(R, — 15) 27 | 40 608(R — 15)2 (¢
§ GZ | 3.75(&, — 20) 54 | 30 | 2531(& — 20" )

L 36 (R, — 25) 18 30 7.78 (R, — 25)* E‘

Summing up the works, and putting the first derivative of
the sum with respect to R, equal to zero, we at once get,

R, = 20.19 tons, :
= 50 — R, = 29.81 tons.

38. Had the moment of inertia been assumed to be
uniform throughout the girder and at the same time the
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deformation of web-members neglected, we would have
obtained from Eq. (54),

S 10 a (26,244 — a@?)

M,=-27%, (108 + 648)

Substituting in this, ¢ = 27, 54, 81, 108, and 135, we
obtain )
, = — Torz.5 ft.-tons,

so that
R, = {M, + 310 (162 — @)} y}y = 18.75 tons.

Comparing this with the preceding result, it will be
seen that the assumption of uniform moment of inertia
and the neglect of web-member deformations give R,
smaller by about 7 per cent in this case than given by
the more correct calculation. In practice, however, all
this nicety in calculation becomes almost valueless, owing
to "the overwhelming disturbance brought about by
unequal temperature changes, which constantly tend to
throw out of adjustment the end supports on which the
stresses of all the members solely depend.

DOUBLE-SWING BRIDGE

39. Double-swing bridges are latched at the centre
when closed, thus transmitting shear, but no moment
from one span to another.

Fig. 36 shows a double-swing bridge with four sup-
ports. The point C serves for both trusses as a common
yielding support.

To simplify the discussion, all the spans will be made
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alike. Then for any load W, we get the following mo-
ments in the several spans:

Rx . . . . between 4 and W,, distant x from 4.
Ryx — W (x —a) . between W, and B, distant x from A.
M, + R/x. . . between B and C, distant x from B.
M, + Rf/x . . . between D and C, distant x from D.
Rx . . . . .between E and D, distant x from E.

Assuming the cross-section of the trusses to be uni-

padi s SN SN e

Fig. 36

form throughout, and considering moments only, we get
for the total internal work due to W,:

0= ﬁ[‘/‘:a(&x)z dx +‘/:§Rlx — W — a)rdx
+ j; "M+ Ry dn+ j; (M, + Ry %) dw+ j: '(&x)’dx]-

Taking moments successively at B, 4, C, E, and D.
we get,

W. (1 —
R 1(lz ”%’
W.a M
18 _ My
R ! )
M
n_ 71
R2 l’
Rz RzI+RI/__2MI+Wla
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R;, == %’

R'”= - yi"”
M,

Ry =+

Taking moment at D,
3Rt —W,(3l—a)+ 2Rl =M,
Substituting the values of R, and R, in this, we get
M,=— M,
Introducing these equations in the expression for the

internal work, and setting the first derivative of it with
respect to M, equal to zero, we get

Ml=_TW1' N (1))
and consequently,
m=ﬂ%@m....”.(w
Similarly for. load W, in the right-end span we get,
Ml=b—gg8—;ﬂW,. B (1))
m=—M%#M@.....(w

For any load W, in the second span from the left, we have
as before the following moments:

Rx . . . . . . .between 4 and B, origin of x at 4,
M, + R"x. . . . . between B and W, origin of x at B,
M, + R/'x— Wy(x — c), between Wyand C, origin of x at B,
My;+ R/x . . . . . between D and C, origin of x at D,

Rx . . . . . . .between E and D, origin of x at E,
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from which we get the following internal work:
]
©= ;%[ j; (Ry%)? dx + j: (M, + R, %) dx
i ]
+ ‘/:{M, + R)'x — Wy (x —c) }%dx +£(M, + Ry/x)?dx

+ J ayas)-

Taking moments at B, C,and D successively, we have:

M.
R ==,

M, Ws(l—o
n_ 21 8
Rif=—7+—

M,
[t
R,'— l’
R =Y,

Substituting these values in the above expression for work,
and putting as before the first differential coefficient of o
with respect to M, equal to zero, we at once obtain:

c(6B — 3l + &)

M, =- 2 Wa"' -« (59)
M,=_”(”z+83;fc"z) Wy . . . . (60

Similarly for any load W, in the third span from the left,

we get,

_d(2P+3ld—d)
8P

dO6P —31d+ &)
82

M, =

We. « . . (61)

M, =— We. . . . (62)
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Finally, we get for any number of loads,

I

M, = g5 {—3Wa (P — ) + SWh(P — 1) — IWec (68 — 3k + )
—3SWd@P+3id—d)} . . . . . . . . (63)
M,=-817,{2W,a(l’—a’)—2W,b(l’—b’)—2W,c(21’+3lc—c’)
—SWd6P—3ld+d)} . . . . . . . . (69
&=§ﬁ%19+%.. e e (68)
R, = Ev;’:a_zllwl_l_zws(f—c) (66)
M, SW,0-—
R8=2ul/2b—2lz+2 4(1 d) e (67)
m=3m%lﬂ+%.. Ce e e (68)

R, + R, +Ry + R, = 3W.

It has been assumed in the foregoing discussions that
the ends A and E of the trusses are not lifted off the sup-
ports under all conditions of loading.

40. Fig. 37 shows a double-swing bridge with six sup-

S Y e M e T

tob—t ¢ 1 :

Fig. 37

ports, made partially continuous by the omission of
diagonals in the central panel of each truss, for reasons
already stated in the case of a common swing bridge.

Then, since by construction there can be no shear in
the central panels, the moments over supports belonging
to them must be equal to each other in both spans.
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Assuming the cross-section of the trusses to be uniform
throughout, and considering moments only, we have for
total internal work due to any one load W, in the left-
end span: '

a l I,
= — f (R®)¥dx + f}R,x —W,(x — a)}%x + f M 2dx
2EI'_ ° a 0

+ [t + Royan+ [, + Rayae + [ b0

+ [ Rotas].

Since
LAY Y'Y
l !
R.=_%’
M.
R4=_‘Tz)
R°=£27

Substituting these values in the expression for work,
and setting the first derivative of the latter with respect
to M, equal to zero, we get

_ a(®— a%
M=—rgisap? - - - ©
whence, also, -
a(’—a ,
M2=mwl. e e e e e (70)

Similarly for any load W, on the right-end span, we get,

@ -

Ml—m 2 « + e e e (71)
)

M= —rErsaan v 0 @



68 STATICALLY-INDETERMINATE STRESSES

For any one load W, in the second span from the left,
the internal work due to moments caused by the same
may be expressed as follows:

- ! ‘ 3 hora f‘ 2
m_z—EI[.[(R‘x) dx+‘£ M2dx + o(M‘+R,x)dx

+‘/:§M1 + Ryx — Wy(x —c) }2dx

+ [lot, + Roayan+ [uran+ [ '(R,x)wx]-

Since in this case,

R= 2
R =W (lz- 0 _ %
- M
2,
Ry =

My= — (M, + Wse).

Substituting them in the expression for internal work,
and setting the differential coefficient with respect to M,

equal to zero, we get,

M, — _6d(i+l)—E@Bl—0

M, =

_2d(@+3h)+GBL—0)

T@IFizyy e s (3

Wy . . (14

181+ 121

Similarly for any load W, in the third span from the

left, we get,

M, = -
_6dL () — (31—

M,=

2dl (I+30) +d (31—

d)Wa R (49

181+ 1210

d)
T(I+ 12h) We - . (6)
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Finally, for any number of loads we get,
M!=l—(ﬁE[— SW,a (2 — @) + SWb (P — 1)

—2W,c§6l(l+l,)—c(3l—c), —EW4d{21(l+3l,)
+d(3l—-d)§] Y

M, = S[3Wia (P — o) — 3W,b (2 — 1)

l(81+121
—EWa6§2l(l+311)+0(31—6)§—3W4d§61(l+lx)
—d@i—-di] . . . .. . . (78)
W, (0 M,
R.=——%+T*. C e 9
R,=ml’"’—l—lll. e e e e . (80) -
ng_ M
R’=2__(1_C)_Tl C e e e . (8Y)
SW.(—d) M,
R‘=—+d)——l— e e v 4 (82)
W,b M
J AL (83)
W,(—b) M
R,=%——)+—l’. C e . (8)
SR = SW.

41. The foregoing equations for double-swing bridge
give but approximate results for reasons already ex-
plained. To obtain more correct results, resort must be

had to

_3S.L

2EA

for expressing the internal work, extending the expression
over all the members of the truss, based on the approxi-
mate values of S and A provisionally found by the fore-
going equations, exactly as explained in the case of com-
mon swing bridges.




CHAPTER 1V

ARCHES, WITH TWO HINGES

42. IN an arch with hinges at both ends, since the

moments cannot exist at

b o T . these points, the reactions

o Y ought to pass through the
Ad H HE s latter.

X t Fig. 38 shows a sym-

Pig. 8 metrical arch-rib  with

hinges at 4 and B.
The following designations will be used throughout

the discussion:

V,and H

V,and H" .
!
v .
x and y
c

é

a and b
al

b N

. the vertical and horizontal components of the

reaction at A.
ditto at B.

. span length.

. length of arch measured along the axis of the rib.

. codrdinates with origin at 4.

. distance from 4 measured along the axis of the rib.
. inclination of tangent at x, y to the horizontal.

. distances of a load from A and B respectively.

. the distance measured along the axis of the rib

from 4.

. moment at any point.

. normal stress at a section.

. tangential stress at the section.

. resultant force.

. modulus of elasticity assumed to be constant.

70
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I . . . . moment of inertia of the normal section of the rib.
A . . . . crosssectional area of the rib.

Forces acting upward are taken as positive.

Moments producing compression at the extrados are
positive.

Forces acting toward right are positive.

Tensions are positive and all vice vers4.

Since equilibrium requires that among external forces
as well as between external and internal forces

S horiz. forces = o, 3 vert. forces = o, and 3 moments = o,

we have, H—H =o
V,+V,— W =o;
and from moments taken with respect to B and 4,

v, = 2w,

i

V,= W

43. Since at any section of the rib, wherever the re-
sultant of external forces does not
pass through the centre of gravity, a
moment will be caused at the sec-
tion, and further, if the direction of
the resultant does not coincide with -
that of the tangent to the axis of the
rib, the latter, beside being axially \
compressed, will be subjected to tan- \
gential stress at the section.

At any point x, y of the neutral
axis of the rib, then, referring to Figs. 38 and 39, we
have,

s
-
- %

P
e — -

-

Pig.
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m=Ro=V,x— Hy forx <a
=V,x—W (x —a) — Hy, forx > a.
Decomposing R into V and H we get,

N + V sin ¢ + H cos ¢ = o,
T+ Vcos¢p — H sin ¢ = o,
in which
V=%W for x < a,
b
= (i—I)W for x > a;

and since the loading is vertical, H will be constant
throughout the arch.

44. Neglecting the effect of tangential stress for the
reason already stated (Art. 5), we have for the internal
work in the rib due to W:

e fm’dc f"N’dc
“J, 2IE " J, 24E’

dx
cos ¢’

in which

dc =

being the elementary length measured along the axis of
the rib.

Substituting in this expression for work, the values of
m and N already given, we get:

_ [*(Vix— Hy)yde f{le—Hy-W(x—a)}’dc
*=J, ~ 2IE 2IE

f“'(V sin ¢ + H cos ¢)%dc + ?(V sin ¢ + H cos ¢)dc .
+J 2 AE o 2AE
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Since H must make » a minimum, we obtain for
do

ag = °

the following:

f“' beydc +f 'Hy’dc +f" beydc+ "W(x a)ydc
I
[}

+ "Hy’dc_’_f Wbsm¢d +f"Hcos¢

W® —1)sin ¢ f Hcos¢ , )
+j;———m dx + LA dx = o,
from which,
H=

lpb%k f"(x—a)ydc f’bsmqbd +£’ﬁ_:ia
S e+ [ e

45. This equation could be somewhat w
simplified by taking, instead of one one-
sided loading, two symmetrical loads, which &—n , .
will evidently give H simply double that *
for single one. Referring to Fig. 40, and
extending the integral over one-half the arch, we get the
following expression for H due to one W:

fa'dec-+ ffﬂ_fagiijﬁ
o f’y’dc-'_f"cosdudx

Approximate results may be obtained by neglectmg
the effect of the normal or axial stress, which is generally

W (8s)

Pig. 40

H=1% W . . (86)
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inconsiderable when compared to that of the moment.
For this it is simply necessary to leave out the terms
containing N and 4 in the preceding equations, so that
we get from Eq. (85),

U bxy f" (x—a)y '
4/0 Wdc— a’ I dc

H=

¥ ydc w . . . (8
' I
or from Eq. (86),
'I
% xydc % ydc
—_— + a < __
H=}‘/‘: ! ‘[' Lw . (88)

[
P §
' 46. Temperature Stresses.—A temperature change causes
variation in the length of the rib, and were the arch-
end free to move, a corresponding change would take
place in span length; but as the supports are here
assumed to be immovable, the rib is forced back, as it
were, to its supports.

Let ‘
‘11l f = temperature change in number of degrees,

0 = coefficient of expansion and contraction,

H, = horizontal reaction at the left support due to the temper-
ature change.

Tmagine the arch to be free to move at the left end, then
the force H, exerted at the support must be sufficient to
force the arch through a distance of

L I,
reckoned in the direction of the force, i.e., positive for the
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rising temperature. Then, according to the first theorem

of Castigliano,
do
Using the same designations as before,
v m’dc ¥ Ndc
= f 2IETJ, Z4E’

m and N here representing moment and normal stress
due to H,.

Since L
m=— th’ v
N =— H,cos ¢,
' v yPdc ¥ cos? ¢ dc
= 2 H
® H'( s 2IE " J, “24E )
whence
do ¥ s2de *tcos ¢ dx\
dH._H‘< . IETJ, —4E )‘ 101,
from which '
10IE '
H, = fy’_dcf'cos¢dx""‘(89)
, I . A4
Neglecting the effect of axial stress, we get, '
H, = IE e e e e e e e e (90)

S

Eqgs. (85) to (9o) will give the amount of horizontal reac-
tion for vertical loadings and uniform changes of temper-
ature when the form of the arch is known.

47. Displacement of Supports. — If, owing to yield-:
ing or settling of supports, a change in span length takes.



76 STATICALLY-INDETERMINATE STRESSES

place, the effect on the arch would be similar to that due
to temperature changes.
Let

A] = change in span length measured at the left support in the ’
direction of the force causing the same, i.e., negative for
the increase of span length, and vice versi.

H, = horizontal reaction at the left support due to change in span
length.

Then, since

¥ yde tcos ¢ dx
= Ha? re e
©=Ha (./; 2IET ), 24E )

by the same reasoning as before, we have
. ll l

dw =HA(j ﬂ'_}- cos¢dx)=Al’
0

dH, IE ©J, ~4E
from which
EAl
Hy = f"ﬂ N f‘COS ® e (91)
0 1 L] A4 .
Neglecting the effect of axial stress, we get,
T EAl
H, a= _Ty’E-: e e e e e s e e e e (92)
o 1

The effect of slight changes in the heights of supports is
generally so small in this kind of arches, that it is un-
necessary to take them into consideration in the calcula-
tion of stress due to displacement of supports.

PARABOLIC ARCH WITH TWO HINGES

48. If we assume the cross-section of the rib to increase
from the crown toward both ends in such a way that at
- any point
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I = I, sec ¢,

A = 4,sec ¢,
in which 7, and 4, denote the moment w
" of inertia and the cross-sectional area v,
of the rib at the crown, the calcula-
tion of stresses in a parabolic arch-
rib becomes considerably simplified. ™
Thus, introducing in Eq. (86) the equa- b "
tion of parabola with origin at A4 (Fig.41), Pig.

4h :
y=—[,-x(l %),

and remembering that
dx = cos ¢ de,
sin ¢ dx = cos ¢ dy,
we get,’
H = I

_mogf x’(l—-x)dx+a£ x(— x)dxi‘zoj:acos’qbdy

2 16 12 1 .
— %) =
T, j: x2(l — x)?dx + h)f: cos? ¢ dx

w.

Since

]
2
fax’(l—x)dx+af x(l—x)dx:f—z(a‘—za’l+l‘),
0
f acos’c#d e nea:rl *
LA NPTy ¥
fx’(l—x)’dx

-Iu: cos® ¢ dx=§7¢m

# Howe, Treatise on Arches,
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e denoting the value of y at a; and ¢,, the inclination of the
tangent at A to the horizontal.

Putting
L_,
4,
we get, pa
ha 2 %€
138¢ 2D —
H = 2 2 W . . (93)
2 4h1+_z_F¢
15 8K '”

Neglecting the effect of axial stress, the terms contain-
ing A disappear, and we get,

a(@®—2d1+
5(8hl‘ ’)W....(94)

49. For wuniform temperature change ¢ — positive for
rise — by making similar substitutions as before in Eq.

(89), since
’ [rre_sm
s 1 151,
f”cos’¢dc_ B,
° 4 4hAo,

H =

we get
’ _EI, 09
‘—-82‘—." e e o o e .
LAy
15 4h

Neglecting axial stress, similarly we get from Eq. (go),

15 0I,E
H=322 00099

H

50. For change in span length Al — negative for in-
crease — we get similarly from Eq. (91),

_ EIAl
HA—LW——pp(ﬁo. e e e s (97)

15 4 h
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Neglecting axial stress,

15 EL,Al
HA=—isT,l°i.......(98)

CIRCULAR ARCH WITH TWO HINGES

51. Fig. 42 shows the axis v
of a symmetrical circular
arch-rib with wuniform cross-
section.

In Eq. (86), making I and
A constants, and putting

a’ 3 a
f xydc +a ydc — i’f sin ¢ dx
1] a’ 0

5 T .
f y’dc+i’f cos ¢ dx
[] [}

With designations as given in the figure, we have for
circular arc,

w.

x = r (sin ¢, — sin ¢),
dx = — r cos ¢ d,
y =7 (cos ¢ — cos ),

dx
cosé rdé,

a = r (sin ¢, — sin ¢,).

dc =

Substituting these in several terms of the expression
for H, and integrating,
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ey =Pl sins y—sin dysin .-+ hsin? 4.~ (h— ) sin ducosds
0

— cos? ¢, + cos ¢, cos ¢,],
ll

T
a f | yde = 7 (sin ¢, — sin ¢,) (sin ¢, — ¢, cos ¢,),
fasin ¢dx = g(sin2 ¢, — sin? ¢,),
[]

ll
S e = .y — i dycos b + ducost ),
0
l

f!cos¢dx= g(sin $o COS ¢y + oby),
[]

we get,
2.c08 o (c08 da-+- e sin da—cos $g—dy sin b0) +- (. - g) (sin? $o — sin? ba)

2

2 W.(992)
(o —3 sin%wt¢o+=¢o¢°!’¢u)+;, (sin @y cos &g - $o)

or, since
5in4’o=2—l’v cos¢o='_rh;
sin ¢, =l::a, cos ¢a=¢;
¢o=21—',’ ¢..=l'—““';

(f—h).{23+¢a (l—-2 a)—¢°l}+(1 — :,—.2) (—a)a
H=
40—k (9o (=R =1} +(x + 527 bt =)}

W . (99b)

Neglecting axial compression, we get,
__sin’p, —sin’¢, +2€0S $o(COS P, + b, Sin p, —COS o — ¢y sin ¢b,) W

H= 2 (o — 3 SIn By COS B, + 2 by COS? )

(1004)
or
g C=Me+ d0—20 —bN+el=a)y

26 (P T2 - M} —30G—h)
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52. Temperature Stress.— For uniform temperature change
of ¢ degrees, Eq. (89) may be written for constant 7 and 4:

10IEI
H,= v [

z 7
zfy’dc-l-zi’f cos ¢ dx
L] [}

Introducing in this the integrals already given, we
obtain,

10IEI

H T 7 (o— 3 5 $,COS by 1 2 $oCOS’P,) + 127 (SINP,COS o+ By) (r010)

or

H,= wEL__ e
Neglecting axial stress, we get,

= 7" (¢ — 35in ¢, Cozojf{i' 2¢,c08% ) (1020)

or

H wer o

I G RN R YT )|

53. Displacement Stress. — For change in span length
by Al — negative for increase of span length — we have
from Eq. (91),

Ha=

EIAl
ll

; .
z z
2f y’dc+2i’f cos ¢ dx
0 0

Making the same substitutions as before, we get,

~ EIAl
"~ (denominators same as for H,)

Ha -+ (103)
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SEMICIRCULAR ARCH
54. In this, since

bo= Py

we obtain at once from Eq. (99a),

(r* — %) cos? ¢,
._W W . .. .. (104)

Neglecting axial compression, we get from Eq. (100a),

H=

3
H= @'W ......... (105)

55. For uniform temperature change t, we have from

Eq. (1010),

2 t0IEI

= t—’mj ......... ( 106)'
and for the same, by neglecting axial stress,
g 2OEL L (107)

56. For change in span length Al similarly from Eq.
(103) referred to Eq. (102a), we get,

2 EIA]
e IR (2D
and for the same, with axial stress neglected,
Hy= M ........... (109)

FLAT ARCH WITH TWO HINGES
57. When the rise of an arch is very small compared
with its span length, we may put without material error,
dc = dx.
Assuming the cross-section of the arch to be uniform
throughout, and putting as before
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=

Eqgs. (86), (89), and (91) may be written as follows:

’

a 4
z
If xydx+af ydx——i’fsinqbdc
0

H = 2 W . (110)
f y’dx+1f cos ¢ dc
[}
10IET c e o e (111)
fy’dx+z’fcos¢dc
EIAl o . (112)

fy’dx+i’fcos ¢ dc

FLAT PARABOLIC ARCH WITH TWO HINGES
(Uniform Cross-Section)
58. For this, we have but to introduce in Eq. (110)
the equation of parabola

h
y =5l — "

. ' . f —
to obtain expression for H due to any :‘ 3 s

load W (Fig. 43). Integrating the terms
of the equation severally, we have, ¥ig.
l

T

a z a’h
fxydx+a ydx=3—ﬁ(4l 3a)+ (P—6a’l+4a'),
0 a

a’ .
f sin ¢ dc = e,
0
?
z 4h2

1 !
f cos pdc= -
A 2
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so that

%(i—a)(l’—}-al—a’)—e

I
H=; AWl 1 w. . .(@13)
1542 2
Neglecting e as being inconsiderable in comparison with
other terms of the numerator, we obtain,
sah (I —a) B+ al — a?) . .
F@W + 157 w . . .. .(119)
Further neglecting the effect of axial stress, we get,
_s5a(l—a P +a—-d)
H= I Wo. . . . .(15)

59. For a wuniformly distributed load of w per unit

length of the span, we obtain,
v,% by substituting wde for W in
A , —>8 the preceding equations, and
Fig. « integrating between given limits
of loading, the equation for
H. Thus, referring to Fig. 44, we have, from Eq. (1153),
45a(l—a) (P+al—a? a’(5P—50+2a ) w

H=-/.: 5a( 3;(;,13 ) iwia = 426 fglhl’ a,’)

By taking moment at B,
Vv, = g (21— al)'w_
2/

H =

(116)

For full uniform load,

Pw .
H = ﬁapproxxmately.
, 80. Temperature Stress. — Introducing in Eq. (111) the

equation of parabola, and integrating as before, we obtain,
t0IET 15 t0EI

H, = =0 = . (117)
81};1+Pl 8h* + 154
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Neglecting axial stress, we get,

_ISWEL L (u8)

H 8 u?

61. Displacement Stress. — For a change of Al in span -
length — negative for increase of the latter — similarly
we get from Eq. (112),

___ISEIAl . (11
HA—I(8h’+ 154) (x19)
and for the same with axial stress neglected,
_ IS EIAl . (120
Ha="gim (£20)

FLAT CIRCULAR ARCH WITH TWO HINGES

62. Since a circular arc with comparatively small
versed sine closely follows parabolic curve, the formulas
deduced for parabolic arches (Egs. 113-120) may be used
for this kind of arches without appreciable error.

SPANDREL-BRACED ARCH WITH TWO HINGES

63. The foregoing formulas are generally inapplicable
to a spandrel-braced arch, owing to the lack in the latter
of definite form in its axisand the irregular variation of the
moment of inertia of its section. As the only statically-
indeterminate force in this case is again H, in order to
find the value of the latter which will make » a minimum,
it is simply necessary to find stresses in each member in
terms of H and other external forces, and obtain,

S2L
w=2 5
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extending the second member over the whole structure.

Fig. 45 shows the left half of a symmetrical spandrel-
braced arch. The following designations will be used:

So, 51, €tc. . . the lengths of vertical members.

d, d,, etc. . . the lengths of diagonal members.

@ . . . . . the horizontal panel length.

b, b,,etc.. . . the lengths of lower chord-members.

A . . . . . the sectional area of a member, with suffix cor-

responding to the members to which it pertains.

If we assume, in the first place, the arch to be loaded
with two equal loads of W each, distant 7na from each
end, we obtain the following stresses for the case n=1
by taking moments at successive sections, the arm-lengths
being designated as shown in the figure:

WEB-MEMBERS
AB——wiS—5 g, BC = Wa—Hso,
a A
C—%=_W82—H$o. EE=- Wa— HSo.
€; —a Ja
FF = Wa—Hsy e = We—Hs,,

e — 20 Ja
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CHORD-MEMBERS
pp--Ye—Hazs), o.M
1
pF—_Wa—H(s—s) CE = Wo— Hs,
Sa hy
1‘?—Ll.—=_WG—H(So—S,). E—G=WG—HS°.
S8 hy

Introducing these in the expression for total internal
work, we get,

ISP’L_ 2 =177 ¥ _S (Wes — Hso)* s,
zAE“E{( W H)zA,,,+ G—aF 24

+ Wa—Hso)ﬁ_.{_ We,— Hso) ' dy + Wa—Hso)’ d,
€— 2a 2Av ‘f;_ ZA,,,, 'f; zAd.

— Hs, Hs,\* b Wa — Hs,\ b,
+(W )zAf.Jr(ia)z'Am+ W )74,

4 (W — Hs,,)’ s (Wa — Izl(so — s,))’zzu
+ a—H(so—sz))’ a _|_(W¢1—II(S,,—5.))z a }

S2 244 Ss 245,

Differentiating this with respect to H, and setting the
differential coefficient equal to zero, we at once get,

(So—51) 5o €25051 aSoSy " 65, | a*(sy—s,)
H— adAg (e,—a)dq (e—20)°A, [f2As ™
(So— 512 50 So28y 5025, b,sg + ds¢

a’A,,,, ( - G)ZA od (63— 2 a)qu, h 2A. .f;zAu
asgb, ased, | a*(sq—s,) asghs asods | (s — S3)
tiid, T Fd. T s;A trid, T R, T i, W,
a(so—s1)*  by'sg’ | s a(5,—5,) , Bsg , dwse la(So—Sa)’
524 | hfAs' f,’Ad, s e hPde JSRAp  séAn

+
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which is the value of H for 2 W, so that H for 1 W will
be one-half the amount given by this equation.

In a similar manner we obtain in the arch of this type
with any number of panels, for 1 W the following expres-
sion for H:

2 oo pond e, eod] | (sl

h»zAx (G ﬁa)’A f’ Ad aA..b
7
¥
(5o — 8)a | sb So’s
’? 94, T R4 = poyd,
4 .
i;na(so nas,b+ 74as,S +nas.,d%
na W4, (e — pa)’A,  [*Aa
> W . (121)
sod § + 2 (5o — 510
f’Ad dzAab

in which p represents, in case of chord-members, the dis-
tance — in number of panels — of the panel point oppo-
site the member under consideration, and in case of web-
members the ordinal number — from the nearest support
— of the upper chord opposite the web-member in ques-
tion. Thus, referring to Fig. 45, we find for DF, EG,
EF, and DE, p = 2.

A, Ay A, and 4; = cross-sectional areas of the upper and lower
chords, verticals and diagonals respectively.

e . . . . =distance from the support — nearest to the
member — of the intersection of the lower
chord-member opposite the web under con-
sideration with the upper chord.

It is further understood that = is to be extended over the
loaded half of the arch only.
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64. Eq. (121) gives mathematically correct results so
long as the supports are perfectly immovable, and is ap-
plicable when dimensions of all the members of the arch
are given. For designing an arch of this kind, the cal-
culation may be started with following approximations:

Assume each chord to be of uniform cross-section

throughout its length, and let

m=f4—l-.

Further, neglect the effect of web-stresses, which is gen-
erally inconsiderable when compared with that of chord-
stresses. Then we get from (121) the following approxi-
mate expression for H, freed of all the cross-sectlonal
areas of members: -

2 g pat (:::—s) pasd 2 +é,: gna’ (50—5) nasob

H=1 mh,2
{52 0o — 5)%a
2 Paod 4 G Pe

With H obtained with this equation, the dimensions of
all the members may be calculated, and then corrected,
if desired, by the use of Eq. (121). Generally, Eq. (122)
by itself gives results sufficiently correct for all practical
purposes.

65. Temperature Stress. — The internal work caused
by H, in the arch of Fig. 45, neglecting the effect of web-
stresses, will be,

2, —c)2 )2 — )2
0= g; gmhb’ mh’+ fs':::’ (o s;‘) @, (5o s::) e, G s’:a) a%
in which 4 represents the section of upper chord, and mA4
that of the lower.

o

+
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Since de
3, = 161,
we get,
10lEA
H = ]
zz So'0y + s.,’b,+ Go—sp)’e (So—sz)za_'_ (so_sl)’ag
mh? mh it mhy? s s s

¢t being as before positive for rising temperature. Gen-
erally, for any number of panels we get in a similar manner,

H, = IEA c . (123)

3 {2 e

66. Displacement Stress. — From the preceding discus-
sions, it will at once be seen that for a change in span
length, of al, we have but to substitute A/ — negative for
increase of span length — for 6/ to obtain an expression
for H,, so that we get,

Hy= EAAl N ¢ £ 7))

3 {5
:

THE STRESSES IN FLANGES AND WEBS OF A RIB

67. Knowing V, and H for
a given loading, the stresses
in the flanges and web of a
parallel rib may at once be
obtained statically. Thus, at
a radial section through any
point x, y (Fig. 46) of an
Fig. «6 arch-rib, let
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F’ = the upper flange stress.

F” = the lower flange stress.

D = web-stress.

d d, + d, = distance between centres of gravity
of upper and lower flanges.

Taking moment with respect to the point x, y in the
axis of the rib, we have,
x
Vi —Hy =3 W (x — a) + F'd, — F"d; = o,
(]
from which
: z
F"d,— F'dy=Vx —Hy—3\W(x — a).
()

But
F” + F' = N = — (V sin ¢ + H cos ¢) (Art. 42).

Combining these two equations, we get,

F" = }i{le—Hy—EW(x—a)—(V sin ¢+ H cos ¢)d, } (x25)
o

Fre-l {V,x—Hy— S'W(x—a)+(V sin ¢+ H cos ¢)d,} (126)
() .
If i‘—d,

ie., if the section of the rib is symmetrical about the
neutral axis,

F" = %{le_Hy_gw(x—a)}— g (V sin ¢+ H cos ¢)} (127)
Fle— 3{le—Hy—§W(x—a)}+ f:-(Vsin¢+H cos¢)}(xz8)

In case the chord-members are curved between two
panel points, the direct stress thus found must be com-
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bined with the moment equal to the direct stress multi-
plied by the versed sine of the panel arc.
Again, since at the section
' Dcos B = T=— (V cos ¢ — H sin ¢) (Art. 43),
D=—(Vcos¢p —Hsing)secf . . . (129)
in which B represents the inclination of the web-member
to the radius of the arc at

" Lo or R the section.
“ﬁ In case the chords are nof
. o parallel, the stress in any
" Pig. o member is best obtained by

taking moment with respect
to the intersection of the other two belonging to the panel, -
as in the case of spandrel-braced arch.

POSITION OF LOADS FOR MAXIMUM STRESS

68. For finding the position of loads to give maximum
stress at any point of the arch, reaction locus may be made

use of with advantage.
Let
= reaction at 4 due to any load W.
= vertical component of R.
= horizontal component of R.
k = ordinate to the locus of R.

SRS
!

Referring then to Fig. 47, it will be seen that,
Vv

k=—ﬁ‘a,.......(13o)

which makes the locus at once determinate.
69. Having the locus drawn, the mode of loading giv-
ing maximum moment with respect to any given point of
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the rib may be laid off, remembering that R passing above
the point produces + moment, and that below, — mo-
ment. Thus in Fig. 48 it will be seen that the stress in
any member EF
will be maximum
when the moment
with respect to
point O reaches its
greatest amount.
The curve CKGD
being the reaction locus, a load at G will produce no
stress in EF, for then the reaction passes through O.
For loads to the right of G, by considering . the por-
tion of the rib left of O, it will be seen that the mo-
ment of R being —, the stress in EF will be tension, while
for loads to the left of G, by considering successively
the left and right portions of the rib, the moment with
respect to O being positive, EF will be in compression.
For loads beyond K, considering the right portion of the
arch, the moment of
right reaction with
respect to O being
negative, EF will
once more be in
tension.

Similarly, for
maximum stress in a lower chord-member, the reaction
line drawn through the panel point opposite the member
will give the mode of loading.

70. For maximum stress in a web-member generally,
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the reaction line is to be passed through the intersection
of chord-members belonging to the panel to determine the
limits of loading. In case the chords are parallel at the
panel, since the web-member will not then be strained
when the direction of the resultant force coincides with
that of the chords, the position of load, for no stress in
the web-member, is given by drawing the reaction line
parallel to the chords, or to the tangent to the curve.
Thus in Fig. 49, point M is the position of load producing

no stress in IJ. Another position of load for no stress
in IJ is at L directly over the section, —a point which
will be evident by considering alternately the right and
left of the section with its respective reactions. The
signs of shear, and, with them, those of the stress in the
web-member due to loads between the points of no stress,
will at once be known by referring to Art. 43.
ExampLE. — In the circular plate-webbed arch with two
hinges, of which Fig. 50 shows its left half, to calculate the
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maximum stress in the rib at panel point 3, due to following
panel loads :

Dead load = 20 tons per panel,

Live load = 10 tons per panel.

The following dimensions are given :

! = 250 ft.

r = 200 ft.

¢o= 38° — 40’ — 56" = .67514.
Panel length = 15.625 ft.

Cross-section uniform and symmetrical throughout,
i
— = .00019.

’J
Effective depth (dist. of c. g. of flanges) = 6 ft.

The distances of the points of application of loads, etc.,
are as follows :

.Gt cU).  |bo(cire. meas).| o U—20). | a€—a). |(1— :—:) al—a).
15.63 11,32 .5786 126.58 3662 661
31.zg 20.54 .4878% 91.48 6836 835

46.8 27.99 40114 62,68 9517 9520
62.50 33.86 .31782 39.73 11719 11716
78.13 38.31 .23658 22.18 13428 1342

93.7 41.42 .15 9.81 14648 1464

109.3 43.26 07831 2.4% 15381 15378

125.00 43.88 .00000 0.00 15625 15622

In Eq. (992),

(= Mize+$0—20 —dai+(1-5) 1 —a)a
H= w.

4@r— h){do (r — k) —1 +(1 + ;) {2720+ (r—h) 1}

Introducing the numerical values in the numerator, the de-
nominator being
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4(r—h){d (r—h)—1} + (I + ;;) {27 + (r — h) 1} = 2766,

we get for W = 1 the following values of /:

Loadn|118|"l|67 8

Hm= 2189 | .4263 | 6118 .9971 | 1.0546 | 1.0739

7737 | 9027

For the dead load we have then,

V.= 73 X 20 = 150 tons,
H = 2 X 20 (.2189 + .4263 + .6118 + .7737 +.9027 + .9971
+ 1.0546 + .5370) = 220.88 tons.

Drawing the reaction locus, and passing reaction lines
through £ and %, —the centres of gravity of upper and lower

{eus +
.
R + —/’cb——

Fig. st

flanges at 3,— we find (Fig. 51) that all loads lying to the
right of C produce negative moment with respect to £ and
hence compression in the lower flange; while for similar
reason all loads to the left of D produce compression in the
upper flange.



ARCHES, WITH TWO HINGES 97

By drawing AM parallel to the tangent to the axis of
the rib at 3, and passing a vertical through E, we find
that the loads between L and A/ produce positive shear in
the section £F, and those outside of L/, the negative shear.

The amounts of A for the positions of the live load found
above are :

¢=22° 59" 36"

PFig. 52

For the live load covering 4 — D,

Vi=18 (15 + 14 + 13 + 12 4 11 4 10) = 46.88 tons.
H = 10(.2189 + . . - .9027 + 1.0546) = 39.88 tons.

For the live load covering C — B,

V;=1% (1 + - - - 10) = 34.38 tons.
H = 10{2(1.0739 + 1.0546 +.9971) +.9027 + - - -.2189}
= 91.85 tons.

For the live load covering A — L and M/ — B,

V=318 +---7+ 14 + 15) = 35.62 tons.
H = 10{2(.2189 + .4263) + .6118 + . . - 1.0546} = 56.30 tons.

For the live load covering L — M,

Vi=13(8 + 9 + 10 + 11 + 12 + 13) = 39.38 tons,
H = 10 (.6118 + . . - 1.0739) = 54.14 tons.
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At the neutral axis under the panel point 3, we have

x = 46.88 ft. Yy = 27.99 ft. ¢ = 22°59'36”.
sin ¢ =.3906.  cos ¢ = .9336.

Substituting these values in Eqgs. (127) and (128), we get
for the total stress in flanges at 3:

Fr= } {184.38 x 46.88 — 312.73 X 27.99 — 20 (31.25 + 15.63)
— 3(184.38 X .3906 + 312.73 X.9336)} = — 356.38 tons.
F’' = — }{196.88 X 46.88 — 260.76 X 27.99 — 30 (31.25 + 15.63)
+ 3 (196.88 X .3906 + 260.76 X .9336)} = — 247.62 tons.

As to shear acting in the normal section at 3, we have
(Art. 43),

Vcos¢p — Hsin ¢

= (150 + 39.38 — 2 X 20).9336 — (220.88 + 54.14) .3900
= 32.04 tons for maximum.

= (150 + 35.62 — 2 X 30) .9336 — (220.88 + 56.30) .3906
= g.oI tons for minimum.

Had we neglected the effect of axial stress in the preced-
ing calculation, Eq. (1004) would have given for A,

Load at 1 2 3 4 L] | 6 7 8

1.0046 | 1.0625 | 1.0811

H= .2206 | .4295 | .6164 | .7794 | .9095

So that we get for dead load,

V,= 150 tons,
H=20 X 2 X 5.5630 = 222.52 tons;

and for live load covering 4 -- D,

V;= 46.88 tons,
H= 39.60.
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Substituting these values in Eq. (128), we get for maximum
compression in the upper flange at 3,

= — }{196.88 X 46.88 — 262.12 X 27.99 — 30 (31.25 + 15.63)
+ 3 (196.88 X .3906 + 262.12 X .9336)} = — 241.9I tons.

It will be seen from these calculations, that the effect
of neglecting axial stress, while producing a difference of
less than 0.8 per cent in the amounts of H, is more
strongly felt in chord-stresses, in which the difference, in
the case taken, amounts to more than 2 per cent.

8x15" >
s : —>;
O 64 ]
c a% ke K -
a 3 X -7 =
YN 82l o o o
\ 8] - D, -] N o --
‘g N ’ pa He Ox Ny
. 2 T Vs N

Pig. 53

ExampLE. — In the spandrel-braced arch of Fig. 53 with
dimensiqns as tabulated below, to calculate the maximum
stress in a member FA due to the following panel loads :

Dead load . . 16 tons per panel,
Live load . . 2o tons per panel.

Lengths of members and arms in feet :

s. d. 2 e. 3 S
1 18.7 23.9 17.1 48.8 23.6 38.2
2 13.2 20.0 16.0 66.0 17.6 33.7
3 100 | 180 15.3 91.9 12,9 34.4
4 9.0 17.5 15.0 195.0 10.0 L 771

.....
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Assuming 7 = 2 (Art. 64); we have in Eq. (122):

] 13 ] 3
na } S ns } 4 k4 1
Panel. [5,28% (5,— 8)|3 70 (5o — 5)| S 2asd |35 78 5b| 3 &% |3 (% —3)a
P e PO 1 i3 (el el
=| CE 5.34 e A PR e 3 B 1S 2.96

1| EG e _17.82 .. .| 1046 | 19.37 16.40
& 67 .. 38.25 « . .| 1862 | 3331 43.35
“’_"] 1K . 50.00 .« «| 3038 | 54.68 60.00
)

3 b} 5.34 106.07 .« ..| 59.46 | 118.75 122.71
_ 5:34 + 106.07 + 59.46 _ 56
1 2 (118,75 + 122.71) 3
CE 5.34 . . - . .

~| EG 35.64 P 10.46 .. . .

] GI . e 76.50 .« . .| 3724 . ..
RIABZS 100.00 .« .| 6076 ..
(U
Sl = 40.98 176.50 10.46 | 98.00 | 118.75 | 122.71
§ 325.95

2= 48292 675
CE 5.34 . e .

= £G 35.64 . 10.46 .

I GI 114.75 e e 3724 |. . . .
& K . . 150.00 e ) &8 71

~N .

ol D 155.73 150.00 47.70 | 9r.14 | 118.75 | 122.71
)

[

S _ 44457 _

, 482.92 921

~| CE 5-34 e . .
<\ EG 35.64 10.46 R .

I 7 114.75 37.24 R
i K 200.00 o1.14 . .
= z 355.73 138.84 118.75 122,71
)

[

S . 494.57

. ﬁf.sm=l.oz4
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For the dead load we then have,

- ;=16 X 3% = 56 tons,
H=16 X 2(.356 +.675 + .921 +.512) = 78.85 tons.
Drawing the reaction locus and then the reaction line
through G (Fig. 54) to the locus, we see that all loads to the

right of L will produce compression in FH, while those to
the left, tension.

Pig. 3¢

For these positions of the live load we have,
Live load covering C — G,

Vi=2p (7 + 6) = 32.50 tons,
H= 20(.356 + .675) = 20.62 tons.

Live load covering 7 — B,

Vi=3 (14 2+ 3+ 4+ 5) = 37.5 tons,
H= 20(.356 + .675 + .921 + 1.024 + .921) = 77.04 tons.

Taking moment with respect to G, we obtain the following
extreme stresses in FH:

Max. FH = %9 {(56 + 37.5) 30 — (78.85 + 77.94) 27 — 16 X 15}
= — 129.33 tons.

Min. FH = %9 {(56 + 32.5) 30 — (78.85 + 20.62) 27 — 16 X 15}
=3— 43.47 tons.
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Suppose now that the following cross-sections (in sq. in.)
of the members are given:

Panel. Upper Chord. Lower Chord. Diagonals. Verticals.
CE 6 28 7 6
EG 9 23 7 10
GI 15 17 7 9
IKX 17 17 S 7

Then in Eq. (121),
H =

na¥(so—s)  mased |  mases | mased
834w ' BAL ' (e—pa)lAe' [2A44
W

1
& (ad(so—s) , pased esos esoyd ), (so—51)%9 , &,
3\ ds Vi apayas da T ades +§§

1]
3 io { (so—s)%a + 4 + S’ + s’d. } + 3(10—31)’3

Sdw | RAL (epaydy ' A4 ada
we have,
For Denominator
' 7 1 :
Panel |24 (0—9"| 3% |3 sW 25 | (=55,

o s, o kAy | o (e—pa)id, | o4, a*Aa
CE .49 .80 1.19 1.70
EG 1.82 1.64 .83 1.83
GI 2.89 3.94 47 1.58
1K 3.53 6.43 . -43
z 8.73 12.81 2.49 5.54 1.38

Denominator = 2 (8.73 + 12.81 + 2.49 + 5.54 + 1.38) = 61.90.
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For Numerator
< ’T . < <
I LI B YR e YT Y N BN 3 = | g
3 N SN 3 3|3
FRE AR §.|§ 3]& RN LN §|§ ils
E Ino [~mn L é ino| 3| SI®
Ine | ~mA Tno | ~wA 3
CE| .8 |... .. | 216 el 310] ...
EG|... | 198 QI | ... 46 | .. .| 1.02
Gl |...]| 255 2.19 .26 | . .88
- | &L | ... | 2.04 3-57 .. .24
1 :
oz .89 | 7.47 6.67 | 2.16 .72 | 3.10 | 2.14 | 2.49
25.64 -
# = 61.90 414
CE| .89 |.. cee e ] 216 3.10 . .
EG| 39 |.. o1 | ... 202 [...]|448 |... .
G/ |...|510].../]4.38 . .52 .o | 1.76 .
o | JK . 5.88 7-14 e .48 .
]
*l = 4.85 |10.98 .91 [11.52 | 4.18 .52 | 7.58 | 2.24 | 2.49
- 4527 _
H, 6r.90 732
CE| .89 e 2.16 3.10
EG| 3.96 91 2.02 4.48
Gl 765 |...|438 |...|161 5.40 | ...
.IT Vi ¢ .. |88 | ... 1071 | ... [P 72
®
2 |12.50 | 8.82 | 5.29 |10.71 | 5.79 | . 12.98 .72 | 2.49
— 59:30 _
H, 61.90 -958
CE | .89 . 1.28 3.10
EG| 3.96 .91 .94 4.48
GI | 7.65 4.38 .35 5.40
<« | 7K |11.76 10.71 e 3.11
]
* > |24.26 16.00 2.57 16.09 2.49
61.41
4, 61.90 992
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With these values of /A, we get for dead load,
H =16 X 2(.414 + 732 + .958 + .496) = 83.20 tons,
V= 3} X 16 = 56 tons.
For live load covering 7 — B,
H = 20 (.414 + .732 + .958 + .992 + .958) = 81.08 tons,
V= 3 X15 = 37.5 tons.
Taking moment at G as before, we get for the maximum
stress in FH,

I—;—g {(56 + 37.5) 30 — (83-20+81.08) 27—16 X 15} = — 144.96 tons.

Comparing the values of H obtained by the use of Egs.
(121) and (x122), it will be seen that the neglect of web-
stresses and the assumption of uniform chord sections
have led to no appreciable error, the difference being about
4} per cent; but its effect is more strongly felt by indi-
vidual members, as shown by a comparison of maximum
stresses in EF, the difference of the latter amounting to
more than 10 per cent.

BALANCED ARCH WITH TWO HINGES

71. In a balanced arch, such as shown in Fig. 55, with
independent span at each end, the method of calculating
reactions does not differ in general from that explained
in the case of spandrel-braced arch, the main difference
being that in the present case V, and H will be + or —
according to modes of loading.

ExAMPLE. — In the symmetrical balanced arch of Fig. 53,
to calculate H, V, and V, due to a uniform load of 1.5 tons per
ft. run covering the whole of the left arm.

Since the left cantilever arm is loaded at its end with

45 + 22.5 = 67.5",
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by taking moments at 4 and B we get,
—67.5 X 60— 45 X 30—V, X 240=0. V,=—22.5"
— 67.5 X 300 — 45 X 270 + V; X 240=o0. V; =+ 135.0"

Neglecting the stresses in web-members, we have — by
taking moments at successive sections—the following stresses,
which, with given lengths and cross-sectional areas of mem-
bers, give the corresponding works of resistance in chord-

members :
Panel. S. A. L. L
(tons.) (sq. in.) (ft.) 2AE
9 9 ). 30
(7 102.7 + 3 20 30 102.7 + 23 ’40E
15 15 ) 30
7 119.1 + 17H 25 30 119.1 + 7 150E
1 I
E nr 130.0 +£H 28 30 130.0 + l—g- Sgo =
3
eqlV,V 112.5 +i 30 60 112.5 4 Su G
g 3 3 6o £
&l pr 78.0 + Oz 28 30 8.0+ 94 ) 3
=] 13 13 ’56 E
3 : Is 30
vir 40.0 + 719' 25 30 40.0 + 176’ o Z
9 9 30
virr 14.7 +6 H 20 30 14.7 +2311 240 ox
. 4 94 35 -
1 |(earZa)| s | s |(se+Pa b
32 33
7 (1125+ H) 55 33 112.5+2l Do &
2
—_ 2 3
- 7 (126.6 + 2 ) 52 31 126.6 + 2 H ’m_
S 32 30,
E- . 22 A
5 Vi (13oo+ 1{) 50 30 130.0 + 13 )looE
5 32 g3
V - . i
E (779+ H) 50 30 779+13 | o
vr — (42.2 + 2 H) 52 3t 42.2+ 2H ’13415
32 33
vir (161+ H) 55 33 161+21H ’noE
64 35
hVI]I - EH 55 35 (S_SH T1oF
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Summing up all the terms of the fifth column, and differ-
entiating the sum with respect to H, and setting the dlﬂ'eren-
tia] coefficient equal to zero, we get,

H = — 56.5',
showing that the horizontal reaction is directed opposite to
that shown by the arrow at A.
For loads in the central span, considering the side

3 3 3
- 1 wD ”ﬂ %ﬂ mﬂ
- 3 E 3 V ‘| " I’
3 ) 3N | 3 V“é,; vity,
b3 \ 50q 373 J / )
6 &3
" - %
60t 8% 30" 240
vil s
Fig. ss

spans to be weightless, the calculation of H and V is ex-
actly the same as explained in Art. 63.

H will, therefore, be positive —i.e., acting toward
right — or negative according as the central or side span
is loaded.

TIED ARCH WITH TWO HINGES

72. In the tied arch the horizontal thrust is taken up by
the resistance offered by the tie. It has an advantage of
the absence of stresses due either to changes of temper-
ature or displacement of supports. Figs. 56 and 57 show
arches of this kind. Representing by A, the cross-sec-
tion of the tie, we have for the work of resistance in the

same due to H,
HY

24E
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This, then, is to be included in the expression for the
work of resistance.

In the case of arch-rib (Fig. 56), referring to Art. 45, we
get, after differentiating  with respect to H, the following
equation of the latter for one load W:

ll
a’ v'3 .
fx c+afydc_f"sm¢dx
IJy I a’ I 0

A
H=; 7 7 W . (131)
f’y’_dc + f’cos ¢ dx " e
P § A A 24,
Pig. 'ss Fig. 57

And in the case of spandrel-braced arch (Fig. 58), from
Art. 66, we obtain similarly,
H=

1
3 [#3%(30—9) | pash €508 esod ) | (so—51)so | Z(na¥(so—s)  mased, masys , mased,
%l :m'. rmz+(¢-)*,4.+ﬁ,4¢ t ads +§g Pde | BA r(e—f-)’AvJ"j’Ad

3
St et s PR

(132)

The effect of introducing the tie, on the amount of H,
becomes conspicuous with diminished rise of the arch
and increased moment of inertia, as will be seen in the
case of flat parabolic arch, for which we have, from Art.
58, the following approximate equation for H due to

one W:

_s5al—a@+ad—a)y

15
rGh+ZI

H




108 STATICALLY-INDETERMINATE STRESSES

ExampLE. — Taking the circular arch of Fig. 50, given as
an example in Art, 70, and
I =80t adding to the same the hori-
zontal tie with a. cross-section
~sem, Of 50 square inches (Fig. 58),
—t =128 — to calculate the stress in the
tie, due to a uniform load
of 20 tons per panel
Transforming Eq. (131) according to Art. 51, we have for
the circular arch, by neglecting axial stress,
_ (= h{ze+ b.(! —2a) — b} +a(l —a)W.

2l 2= WY =316 — W)+

Fig. 58

H

Referring to the data of the previous case, the denominator
in this case equals
2 X 59,000 X 250

2748 + 50 X 200 X 144

2768 ;

and since we have for the numerator as before,

20 X 30,578 = 611,560,

we get
_ 611,560
T 2768

which is the stress in the tie.

= 220.94 tons,



CHAPTER V
ARCHES WITHOUT HINGES

738. IN this class of arches, since ends are fixed, there
will be moments produced at these points whenever the
resultant forces do not pass through them. Here we
have, then, two more statically-indeterminate forces than
in arches with two hinges. )

Fig. 59 shows a symmet-
rical arch-rib _loaded verti-
cally with W. =

Let M, and M, represent
moments at A ard B re-
spectively. ~ For all other
designations, retaining those of the preceding chapter, we
have, since the loading is vertical:

H—H’=o,
Vi+V,—W=o.

For moment at-any point distant x from 4, we get,
m=M,+ V,x — Hy, forx < a,
m=M+Vix—Hy—W(x—a)forx>a;

for vertical shear,
V=17, for x < a,
V=V,—Wforx>a;

and for the normal stress in the rib at x (Art. 43),
N = — (V sin ¢ + H cos ¢).

Since the internal work in the arch-rib is generally
(Art. 44)

Fig. 59

109
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f"m’dc YN?dc
~J, 2EI +£ 2AE

substituting in this, the values of m and N, we get,
f"’(M +le—Hy)’dc V{M,+V,x— Hy— W(x—a)}*dc
[}

2EI p~ 2EI
+ %V, sm4>+Hcos¢)’dc Y{(V,—W)sin ¢+ Hcos}2dc
A 2FA » 2EA '

Since H, M, and V, must successively make » a mini-
mum, we get for

the following equations:

M, fyy—}lf LV, ( fl'x,}dc _ fl sin ¢dx) ( "y’dc
e (e [ o

14 14 v —_
Mfdc+fodc—-nydc w (x—l%=°- (134)

o[ ) ([

— ll%gq) —w (‘/a‘ll'x x —I a) de + a’ sinA¢dy)=°- (135)

These equations will give all the required values of
M, H, and V,, as soon as the form of the arch and mode
of loading are known.

As to M, and V, we have,

M,=M,+Vi—W(—a),
V,=W-—=YV,.

74. For obtaining expressions for H and M, only, it

will be more convenient to assume two symmetrical loads
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(Fig. 60), as done in the case of two-hinged arches. De-
noting the horizontal and
vertical reactions and mo- .w
ments at 4 due to 2 W by
H’, V', and M’, we get,
H' =2H, >
M =M + M,
V=V, +V,=W
in which H, M, M,, V,,
and V,, denote the reac-
tions and moments due to one W, as before.
Referring to the figure, we have for the total internal
work in the arch,

14
a’ ’ — 740\ 3 z ’ — 740\3
u=2f (M’ + Wx Hy)dc+2f (M’ + Wa — H'y)?*dc
a

Fig. 60

2EI , 2EI
ll
+ f"’(W sin ¢ + H’ cos ¢)?dc + f’ (H' cos $)?dc
2 2EA *Je — 2E4A
whence for
do de
am =% gp = ©
we get,

‘I
o "Zic_H,(f’y’dc +J‘ cos’¢dc)
1
o

+W(£“'f’}—“+f %—ﬁa'm%ﬂ)=o. . (136)

v 1

*dc ydc f“’xdc f’adc)
’ — — ’ —_ —)]=0. .
Mf.,l H01+W(ol+a'1 o (137

75. Temperature Stresses. — A uniform temperature
change of ¢ degrees would produce a change of ¢0/ in the
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span length of the arch — 6 denoting the coefficient of
expansion — were the end of
the latter free to slide. Des-
. . lh( Hg
ignating by A

H,and M, (Fig. 61) Flg. &0
the horizontal reaction and moment at 4 due to a tem-
perature change — positive for rise — we get,

V(M. — Hy)*de ¥ (H,cos $)?dc .

*=J, 2IE ), T 24E
Since, according to the theorems of Castigliano (Art. 6),
do = 10l do _ o
dH, ’ aM,
we get .
4 2
f M,ydc+H,y'dc " f H,cos $dc -,
(]
f’ M, — H.y)dc=o
0 I ’
from which
H,= 101E ; . . (138)

yd

‘/o-z'y%c + Jo‘lcos pdx ( .o/ WT)2
[,
0o 1

M‘=]‘WH" e o o o« (139
o I

76. Stresses Due to Displacements of Supports.— The
supports may sometimes yield to a certain extent, pro-

ducing changes in their relative heights as well as the
central angle and the span length of the arch.

3)

~| &
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Representing by
MAf VA) and HA)
the moment and the vertical and horizontal reactions at
the left end of the arch, caused by such displacements,
we get for the internal work in the arch,

“o f"(MA + Vax — Haylde fl’(HA cos ¢ + Vasin ¢)’dc
o 2 EI o 2E4

77. Let Ay = change in relative heights of supports
— measured at the left support in the direction of the
force, i.e., negative downward. Then, since the force
acting through Ay is V, only, according to the theorem of
Castigliano, we have,

whence we get,
Vxdc Vx2dc f Usin? ¢dc
[ v (7 )

—H, ( "f}}_dc j‘"cos ¢ sin ¢dc) EAy. (1400) .
— Ma jo‘ ey, ( [ e _ j:‘ ¥sin ¢ cos sin  cos 4
+ HA( o”’ﬂT‘k + fo Foos? ""d‘) L (u40b)
MAjo"'dTC-i- Va ; - jo‘ —‘Ik— .. (1400)

78. Next, let A¢ = total change of the central angle
of the arch — measured at the left support in the sense



114 STATICALLY-INDETERMINATE STRESSES

of the moment, i.e., positive for the decrease of the cen-
tral angle. Then, for similar reasons as before, we have,

do
o Ad,

whence,

"xydc ¥ sin ¢cos ¢ dc
‘MAf T~ V(f —z“f,, e
ll
+HA( szd +f cos;¢dc)=o e o o (1410) .
[}
Uxdc ' x2dc Usin? ¢ dc
s [T v (57 + [
Vsi
—HA( #c f sm¢;os¢dc)___o . (1410
(] [}

79. Finally, let Al = total change in span length —
measured at the left support in the direction of the force,
i.e., positive for the decrease of the span length.

Here we have,

whence,

Vydc Vxydc Usin ¢ cos ¢ d¢
S ey
8, T ‘S, T o 4

+HA(fl,y:I;“ +‘/°"’cos;¢dc) = EAl. .' (142a)

0
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‘/'"_ai’ic N fl'sin2 ¢dc>
(1) I 0 A

Vade
. [
I
0
l’ l’ bt
—HA(f xyde —f sin ¢ jfs ¢dc) =0 . (142b)
1)

v v '
MAf% ffd—c—HAf %—:—o. < o« .« (1420)
] ]

PARABOLIC ARCH WITHOUT HINGES

80. Assuming, as in the case of two-hinged arches
(Art. 48), the cross-section of the rib to so vary from the
crown toward each end that at any section

I =1, sec ¢,

A = Aysec ¢,
(I, and A, denoting the moment of inertia and cross-
section of the rib at the crown), and introducing these
together with the equation of parabola

= %’x —=
in Eqgs. (136) and (137), and integrating
e W
o I 3l

f’y’dc 4k
0 I 151,
fz"cos’ ddc P,
o A 8hd,
“xyde _ ha"(4l—3a)
0 T 321,
‘/'z’aydc ah (P —6a% + 4a’)
o’ 1 3’210
f“’sin ¢ cos pdc _ Pe
A A 2+ 16K A,

* Howe, Treatise on Arches.

) nearly,*
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'l!’dc ! w
£ T~ 21, h
@ ydc 2 1 _"—-
jo‘ T T 21, 21
v o
f’a_dc _a(l—2z2a)
a’ I - 2 Io ’ Fig. 6
and putting, as before,
I, o
A"‘“ =15
we get
— (A i l’i"#0 W ah(P—20%+a%) D% _
15 8h 32 PP+ 16 B2
M b_ H’ Ly W“(’—:“) -o.

Ehmmatmg M’, and remembering that
e=4ta0-0),

we obtain,
h¥ l’z’4> a*h(l —a)®? 2ah(l — a)i?
H (45 161: W{ 67 P+ 16k }
Consequently, for one load W (Fig. 62), we get,
60 h? a(l—a)? 12a(—a)?®

67T T 45 mquo{ P Ptk }W‘ (143)

Similarly, by carrying out the integrations in Egs. (134)
and (135), we get,

—\2
M,1+V15—H3hz—w(—’-—‘i=

M"+v{3+’"‘<4h’ Mo)} H

( — a)? (21 + a) i’{Sh(l—a)
W[ 5 +

H=3H=

P (¢ + ¢o)}]
8k
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Eliminating V, and M, successively, and putting

4hl— P,
ah "
8h(l—a) = P(d+ 80 _
8k i
1 2 hi* -

—W{(al’—ﬁni’)(l—a)’+6l’mi’}]. e e (1ae)

v, u {00 C+20) +u2m®W . . . . (43)

TPt aizn

¢, and ¢, denoting the inclination of tangents at @ and
A respectively.

Neglecting the effect of axial stress, — since the terms
containing 7' ought then to disappear, — we get,

H=%“—)'W L (u9)
u= LoD CT =2y (147
V,=(—l‘—")’1§’—+"ﬁw. C e .. (48

8l. Temperature Stress. — For a uniform temperature
change of ¢, introducing in Eqs. (138) and (139) the equa-
tion of parabola and the expressions for I and A4 already
given, and integrating the terms severally, we obtain,

_ #8EI,

_W& e e e e e (149)
45  4h

M‘=§h¢H‘ s e e o & o e o (Iso)

H,
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Neglecting the axial stress, these equations become,
4510EI,

H,= e B ¢ 433
16ET
M,=152—h°.......(152)

82. Displacement Stresses. — For a change of Ay in
relative heights of supports (Art. 77), we get, by carrying
out the integrations in Egs. (140) and combining them,

_ EI Ay
Va= (Cra-rer (i53)
=+ —F
12 4h
)
MA=—'VA; e e e e e e e (154)
HA—O

For a change of A¢ in the central angle (Art. 78), sim-
ilarly we get from Eq. (141) the following equations:

2hEI,A ¢
Hy=—-71—2""__ . . . .
A 14_h’+31¢01 (155)
15 4h
_ 2EI, A¢
VA = P——.z(4h —l¢o) e e e (I 56)
_+‘ _ 9
3 h
! h I, A
Ma=—7Va: +HA2 E z ELAG (1

For a change of Al in span length (Art. 79), we get
from Eq. (142),
EI,Al

HA m . . . . (158)
45 4h
MA=HA§h e o e e e o o (159)

VA= o.
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CIRCULAR ARCH WITHOUT HINGES.
(Uniform Cross-Section)
83. Referring to Fig. 63, we have for circular arc
with origin of codrdinates at A the following relations:

x = r(sin ¢, — sin @),

dx =—rcos ¢d o, Y
y =r(cos ¢ —cos ¢y), Y
dy=—rsin¢d¢, v, ‘\\/'Tl
—_— M a B
dc=—rd ¢, h \H \r?a ‘-——£

a = r (sin ¢, — sin ¢,), X\ P
¢ denoting the inclination of RN /
the tangent to the horizontal
at any point xy. '

Introducing these in Egs. (133), (134), and (135), and
integrating the terms severally,

(o) .
f ydc = 27* (sin ¢, — ¢, €O ).

‘/‘p xydc = 2 7 sin ¢, (sin ¢, — P, cos ).
0

l
f sin ¢ dx = o.
[

fl'y’dc =7 {¢, (1 + 2 cos? ¢,) — 3 sin ¢, cos ¢}.
(]
fzcos ¢ dx = r (¢, + sin ¢, cos ¢,).
0
14
L o= ) yde = 2 (3 5in ¢y + sin 6° = (@ + $)sin . cos

+ cos ¢, (cos ¢, — cos ¢,)}.
fl sin ¢ dx = g (sin? ¢, — sin? ¢b;).
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®
v :
dc =21,
Ol’
xdc = 297% §, sin ¢,.

0
l'
S e = 27 sin ¢, — 44 c05 4.
[}
‘/: (x—a)dc =1 {(¢, + $.) sin ¢, + cos ¢, — cos p}.

()
lxdc=2r’¢osin¢o.

0

f' K*dc = 9 {¢, (1 + 2 sin? ¢,) — cos ¢, sin P.}.
0

fl sin ¢ dy = r (¢, — cos ¢, sin ¢,).
0

fl xydc = 2 7 sin ¢, (sin ¢, — ¢, cos ).

[}

l
f cos ¢dy = o.
[}

'I

S ) o= (o + 40 5 + sin dysin )
+ (sin ¢, + sin ¢,) (cos ¢, — cos ¢;) — 4 (cos ¢, sin ¢, + sine, cos ¢,)} .
l

f sin ¢dy = g {(¢ + B.) — cos ¢, sin ¢, — cos ¢, sin ¢,}.

And eliminating M,, V,, and H successively from the
three equations, we obtain,

Sin ¢0 (COS ¢- —Cos ¢0) + Sin ¢- (¢l Sin ¢0 - ¢0 Sin ¢a)
{ + % (14 5) ot g, — sint 4)

W.(160a)
#o(x+ 5) @0+ cos ysin @) — 2 sin* 4,

H=
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or, since
. ! r—h
sm¢o=2—’, CoS ¢, = ks
sin¢.=l_2a, cos¢.='l+e,

2r r

Lk (’; —a) ($.1—9, (I—2 a)} — by (:+‘ 1—:) (—a)a

W .(160b)
%Q+)@ﬂ%+u~wn—

14

M, = :;. (sin by— b, c0S $) H + 7 X
o (x+ 5) @ — cosusingy

[Sin &, (sin ¢, cos $, — sin ¢, cos ¢, + ¢,) — ¢, sin ¢,
— 5 (1+ 5) (cos bosin b, — 4 ($usin du—45in 4,
+ cos ¢, — cos ¢,) + {sm ¢, (cos ¢, sin ¢,

— cos ¢, sin ¢, + ¢,) — ¢, sin 4’0}] W. . . . .. (1610)
or

Mx—(—%_'+h)H+4¢o(1+ ){2;4:0—1(7—}1)} "

(€= 20) (7 b= 10) 8, — 2 i 7

_(, + :_:){2,24.0—1(,— W} {2 b0 +1(h— ) — 26}

+§¢o{(z—za)(zr’¢o+le)-2f’¢-l}]W s oeoe (3630)

(1+ ;)(¢.— sin ¢, cos ¢, )+ 2 sin ¢,(cos ¢,—cos ¢,)
V,=1%+ W.(162a)

2 (1 ?) (o — cos ¢, sin )
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or
(1 +:—:){2¢.r’—(l—za)(r-—h+e)} +2¢(l—2a)
V.=|4+ - W.(162b)
2 (1 +;—:){2r'¢o-—l(r—h)}
Neglecting the effect of axial stress, we get,
Sin ¢o (COS ¢- —cos ¢0) + Sin ¢4(¢. Sin ¢0_ ¢0 Sin ¢-)
{ + %o (sin g, —sin ¢)
H= $o (bo + cOs ¢, Sin ;) — 2 sin? ¢, W-(x63)
or 1
te+(% — ) {4 — 400 = 20} = $y01—0)
H = W. (163b)

b {277 +1L(r—h)} =P
M, = g (sin &, — &, cos ) H +

r
2 (o — €0 6 50 6g)
[sin . (SIn 08 B, —Sin b, COS b, + ) — b, sin
- é(cos $oSin o — o) (P, sin ¢, — P, sin $,+cos p, —cos 4’0)] W.(164a)
or
! 1

M“(z_«ﬁo' rt ")H t ik i)
[(l —2a)(27 $y— le)py— 2 by 7L
—{2r¢,—l(r—h)} {2d.a+1 (b — ¢.) — 28}]W . . (164D)

— {‘} + (¢-_Sin ¢- cos ¢-) + 2sin ¢.(COS ¢u—C°s4’o) }W. (1650)
T

V; :
o 2 (¢, — COS ¢, sin ¢y)

_ {2¢.7*—( —2a)(r—h+e)}+ 2e(l—2a)
Vi= [i + 2{2r* ¢, — [ (r — h)} ] W. (165b)
84. Temperature Stresses. — For a uniform tempera-
ture change of ¢ — positive for rise — we get, by carrying
out the integrations as before in Eqs. (138) and (139),
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10IEI,

Hg = K5 . (1660)
7’[4:,, (¢ + sin ¢, cos ¢) (1 + ’-—:) — 2 sin? 4»0]
OILET
= — 20IET$, 7 .« « . (166D)
,[4,0{2 ¢,,r’+l(r—h)}(l +’—,) —p]
M,=H (sin ¢, _I"cos $)r L. (1670)
(]
g l—2¢(r—h)
=H —22%— ......... (167b)
Neglecting axial stress, we get,
B 1IEI$,
B = T (B sin b, cos $) — 2 5 %] - - (x689)
2 tBIEI$, .. (e6h)

Tt b +IGC— R} —F]
85. Displacement Stresses. — For a change of Ay (Art.

77), we get, by carrying out the integrations in Eq. (140),
EI Ay

Va= & . (1690)
"(I + p) (¢ — cos ¢, sin ¢,)
_ _ 2 EI Ay . . (x60b)
r (1'+%){2r’¢o—l(r—h)}
My = — Varsin ¢, = —VAé « e o« (170
Hp=o.

For a change of A¢ in the central angle (Art. 78), we
get from Eq. (141),

Vo= — 1 EI sin ¢, A, . (1710)
r’(l + ;) (o — cos ¢, sin )
= — ETiA¢ N ¢ 21)]

r(l +g>{zr’¢o—l(r—-h)} .
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EI (sin ¢, — ¢, cos ¢,) Ad
{¢o il) (o + sin ¢, cos b — 2 sin? ¢o)}
EI {I — 2, (r — b)} Ad
[4,(. (2P +1(r — h)}(x + ;) - p]

MA=HA (sm¢o ¢, COs y) — Varsing, + ITA; (1730)

_ 2¢,(r — A) EI A¢
_HA_—quo Va- +2¢o' e o o o (173b)

For a change of Al in span length (Art. 79), we obtain
from Eq. (142),

(x720)

(x72d)

Hy = EI $Al . (740)
oo (x4 5) @+ sindocos g — 2sint 4,
- 2ET$Al ’ ... (174b)
r ¢o{2r’¢o+l(r—h)}(l+;)—l’]
_ -r(sin¢o—¢cos¢) l—2¢o(r k)
Ma=H, 4’00 e —7— < (175)
VA=O.

FLAT ARCH WITHOUT HINGES

86. In arches with comparatively small versed-sines,
we may put, as before, without material error,
dc = dx,

‘
so that f sin ¢ dx = o,
[

I
fcos4>dx=l,
(1}
fsin¢dy=o,
i
fcos¢dy=o.
0
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Introducing these in Egs. (133), (134), and (135), and

assuming the cross-section of the rib to be uniform
throughout, with

we get,
Mlj:ydx+ V,['xﬂx—ﬂ( 0ly'dx+ w)
—Wjj(x—a)ydx:o B ¢ ™))
M,l+V,i—z—Hj‘:lydx—W(l_—2L)z=o. . (ur6b)
M‘§+ V,;:—Hj:xydx—W(z—l-IM=o . (1169

Combining these equations, we get,
(¢ +20) C—a)

V= g e e e e e (177)
- f(x—a) ydx — ¢ _a)’flydx .
(fydx) lfy’dx—l’z
S e
M,=H °l —-Ww 7 B ¢ 1Y)

i
It is to be noted that j': ydx is the area above the hori-

zontal line joining the ends of the arch and bounded by
the axis of the latter.

87. Temperature Stresses, — For a uniform tempera-
ture change of ¢ (Art. 75), similarly we get from Eqs. (138)

and (139),
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tOPEI

l‘/:y’dx+l’i'—(flydx)’. S
[
.

88. Displacement Stresses. — Similarly from Egs. (140),
(141), and (142), we get, for Ay (Art. 77),

H,= (180)

M,=H,

(181)

12ETAy
P

!
MA=—VA; e« e e e s e . (183)

Va=

(182)

for A¢ (Art. 78),

EIA¢./0.lydx
Ham lj:;ﬂdx—(‘/:ydx)z+ P o
VA=—6E#‘3........(185)

[

Ma=— VAg-l + Ha=——

; (186)

and for Al (Art. 79),
IET Al

7 G e o . (87)
lfy'dx—(fydx) + P2
] 0
7
fydx
0 .
!

Hy=

Ma= Ha

(188)
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FLAT PARABOLIC ARCH WITHOUT HINGES
(Uniform Cross-Section.)

89. Introducing in Egs. (177), (178), and (179) the
equation of parabola

y= %x(l — ),
we get for one load W (Fig. 64) the following equations:
H=15¢0-9" (189)
4 hl’(r + 43 z:)
4h
] — 2
M, = __a(z_lsa)(zl— s:Si’)W .« (190)
1+
Vl=(l+L3,(l———a):W e o v o o« (191)
Neglecting the effect of axial compression,
2(] — a)2
H="5"4(;hl,")w........(xgz)
1—a)* (21 —
M,=—a( a)z([z. sa)W. < o v v (193)
V,=(l+—2a;;(l——a)—’w B € {+7)
Vi h—a ; .
O .
Fig. 6 Fig. 65

90. For a uniform load w per unit length of the span
(Fig. 65), substituting wda for W, and integrating between
the given limits of loading, we get,
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(102 — 1500 + 64, a,’w

shz'( 45}:’) e o o « (1295

M, =— [6P—8a14 300 -0 (OF 150l +6a7)] a’w )
457% Izl’
l(l +——4h7>

(2B —2a% + a® aw
Yo N ¢ 1))

Neglecting axial stress, we get,
(102 — 154, + 6 a,%) a, "w

H =

vV, =

H= P <. (198)
I —a,)%a’w

M1=—(—2‘,),—‘ e e e e (199)
_ 2

Vl=(zl’ 2a;lp+al’)a,'w Ce (200)

91. Temperature Stresses. — Similarly from Eqgs. (180)
and (181) we get,
45t0ET

H'=4hT45i-’ B ¢ 1999

M,=H,3%= %‘_‘% (202)
Neglecting axial stress,

H.=45:‘:fl T

M,=‘52“;EI e e (0w

92. Displacement Stresses. — From Egs. (182) to (188)
we obtain in a similar manner,
for Ay (Art. 77),

VA == Iz ElsIAy e o e e e o & e & o (205)

MA=—VA£..........(206)
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for A ¢ (Art. 78),
30 EIhAd

Hy= m e o e o o o o o (207)
Va=— 6 Elleqb e e e e e (208)
MA=—VA§I+HA§h e o s s e e e (209)
and for A/ (Art. 79),
_ 45 EIAl
Hy= TG tasd - ° ° ° " (210)
Ma=Hjs%hr . . . . . . . . . . (211)

93. For flat circular arches without hinges, the fore-
going formulas deduced for parabolic arches may be used
without sensible error, for the reason already stated in the
case of arches with two hinges (Art. 62).

REACTION LOCUS AND ENVELOPE

94. For showing reactions in an arch without hinges
in amount and
direction, reac- ~ Looue
tion locus and Rl —= _
envelope are re- Vi Ve
quired. M r H N g Jes

Since end mo- )
ments are due to
the deviation of
reactions from
the axis, if we
represent by e the vertical distance taken as positive above
and negative below the horizontal line connecting the
ends of the arch, we have in Fig. 66 at the left end,

Fig. 66
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A
I—H’
and at the right end,
~ LM
T H
Since
V, b—e Vi M +Va,
- o ° e‘+H'"__T1—’
V, _b—e _ V., | _M-V,(—oa),
.H—l_ay b—ez H(l a)—-—-———H )

~ which are the equations of the locus.

Next, let x5, be codrdinates — with origin at A — of
the point in the line of reaction R, assumed to be one of
contact with the envelope. Then we have,

b—e

V
y1=‘n+ﬁl

In order to find the relation between x, and y, for vari-
able @, differentiate this equation with respect to ¢ and
eliminate @ from the same. The equation thus obtained
will be that of the envelope.

It is evident that locus and envelope could be drawn
by simple plotting of reaction lines for different positions
of loads, instead of by deducing their equations.

95. Taking the case of a flat parabolic arch, since we
have by neglecting the effect of axial stress (Art. 89),
(4240 (—-0a '

X =€ + X4

Vl lg W’
_15a*(l—a)?
H= 4h® w,
— 2 —
Ml=_a(l a)® (2! sa)W’

2
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V; 6h
b = +—10=——t
1 H 5

showing that the reaction locus is a horizontal line.
. b—
Since n=e-+ Te‘xn

substituting the values of ¢, and b,,
__2h(2l—350) + 4h(za+ 1))

h= 15a 1543
Differentiating this with respect to a, we get,
_ 2h(—2x)
sGh—39)

Substituting this value of a in the preceding equation,
and at the same time transferring the origin of coérdinates
to the centre of the span and in level of the crown of the

envelope where 5 !
n= Shandx =—,
3 2

we get, 8 ha* + 15y + 30lxy = o,
which is the equation of hyperbola:.

POSITION OF LOADS FOR MAXIMUM STRESS

96. For finding the mode of loading to produce maxi-
mum stress in any part of the arch, reaction locus and
envelope may be made use of in a similar manner as ex-
plained in the case of two-hinged arches (Art. 68).

In Fig. 67, let the outside lines of the rib represent the
positions of centres of gravity of the flanges or chords.
Since at any normal section CD of the rib the stress in
the upper flange C is equal to the moment with respect
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to D divided by d, the reaction line passed through D

and produced to the locus will
-l indicate the position of load pro-
ducing no stress in C, and that
all loads to the left of O produce
compression in C, while those to
the right, tension. For the same
reason the reaction line drawn
through C determines the position
for load to produce no stress in D, so that all loads to
the left of O’ produce tension in D, and those to the right,
compression.

Fig. 67

D
| ) -+ 5l 4 & p a; i
A © d2
i
Fig. 68 Fig. 69

For similar reasons, the position of load producing no
shear at the normal section is given by drawing the re-
action line parallel to the tangent to the axis of the
arch at the section (Fig. 68) and by erecting a vertical
over the section. The loads within these limits evidently
produce (Art. 68) positive shear, while those outside the
same, the negative.

In case the chords or flanges are not parallel, the re-
action line should be passed through the intersection of
chord-members of the panel —in which the shear is to

T B — 1
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be determined — instead of drawing parallel to the tan-
gent, to find the position of load producing no shear.

THE STRESSES IN INDIVIDUAL MEMBERS

97. Referring to Art. 67, it will at once be seen that,
in the arch-rib of Fig. 69, we have but to add M, to the
moment of external forces.

Using the same designations as in Art. 70, we then have,

x
F"=${Ml+ Vix—Hy— 2 W(x—a)
o

—(Vsin¢+Hcos¢)d,} N €3 )

x
Fr=—-‘l§{M,+ le—Hy—EW(x—a)
(4]

+(Vsin¢+Hcos¢)d,} e e e oo v (213)
D=—(Vcos¢p —Hsing)secf. . . . (214)
in which V=V_GW,
=%

For anon-parallel rib, the stress in each member is best
obtained by taking moment at .
the intersection of the other two
members cut by a section.

ExampLE.— In a full-webbed
circular arch with the same gen- Fig. o
eral dimensions as given in the case of two-hinged arch on
page 94, to find the maximum stress in the lower flange at 3

(Fig. 70).
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Loads and dimensions :
Dead load = 20 tons per panel.
Live load = 10 tons per panel.
I = 250ft.
r = 200.

¢, = 38° — 40’ — 56" = .67514-

Panel length = 15.625 ft.

. . op
Cross-section uniform with < = .ooo1g.

’3
Effective depth = 6 ft.

Panel. a (ft.). e (ft.). da. ¢a (circ. meas.).
1 15.63 11.32 33° 09’ 10” .57863

3 31.2 20.54 27 §7 1I .48788

3 46. 27.99 22 59 36 .40114

4 62.50 3%.86 18 12 36 .31782

] 78.13 31 13 33 17 .23633

6 93.7 41.42 8 59 21 .156!

7 109.3 43.26 4 29 12 .07831

8 125,00 43.88 o

The horizontal reaction is given by Eq. (1605).

e+ (b= a)(pul = =20} = &y (1+ 5)o0—0)

w.

7= ¢o(x+ ){2r’¢o+l(r—-h)} -r

Tabulating the terms of the numerator severally, we have,

b (bet—am)| st |(5—a) {bo@am—sar}| (145) boat—a)| Numer-

0D =T CD O i 0O RO | P?,‘:_"
wn
b
N
o

2829.46 | 147.69.(144.66 331.21 2472.88 25.37

126.59 [121.97 432.98 4616.0 86.28
6996.25 | 105.49 |100.28| . 406.66 6429.43 160.11
8464.64 84.39 | 79.46 308.46 7918.20 237.98
9576.05 | 63.29 | 59.14 1943 9067.20 314.34
10354.62 | 42.20 | 39.22 9 9891.50 370.23

10815.54 21.10 | 19.58 23.76 10386.07 405.70
10968.75 [ o o 10550.93 417.82
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and for the denominator,
do1+5) (2 o+ 10— W} =F = gaxs,

whence we get the following value of H for W =

Load at. 1 2 3 4 5 [] 7 . 8

H= | .0775 | .2637 | .4893 | .7275 | .9605 | 1.1314 | 1.2397 | 1.2768

For M, we have Eq. (1614).

I
4¢o(x+ 2) Grg =16 —m)
[#0-20Gro—m —shsr—(:+5) pra
— =R} (dea+1Bo—d) =2 +

{0 —2a)(27*$y+ le) — 27° b, l}]W.
Tabulating the terms severally,

M, = (‘I’o r+h)H+ X

Panel First Term - . Fourth

P‘t‘. (-’—¢-—r+lc) Nu n:’efrator. Second Term.| Third Term. ,r"e'l'_;‘. Numerator.
1 2.2§ 7,558,673 | —7812,085 | — 278,225 1 |— 532,526
2 7.65 6,186,976 | — 6,587,506 | — 542,713 | 17 |— 043,316
8 14.20 4,959,501 | —5,416,391 |— 751,134 19 |—1,208,00
4 20.97 3,843,080 | —4,291,456 |— 918,971 19 |—1,366,72
5 27.88 2,811,769 | — 3,194,392 | —1,048,682 16 |—1,431,288
(] 32.84 1,842,092 | — 2,118,465 | — 1,140,741 11 |—1,417,102
7 3598 911,322 | — 1,057,323 | — 1,195,747 6 |—1,341,743
8 37.06 o o —1,214,044 0 |—1,214,044

The denominator being

so(x +5)Gr 61— W} = s0u506,

we get the following values of M, in ft.-tons; and from
M, =M, + Vi — W (I — a) the values of M,:
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Load at 1 2 8 4 s (] 7 8

M, = |—10.91 |—15.66 —165.6 —12.81 [— 7.50 |— 2.19 |+ 2.82|+47.0§
M;= |+ 1.02 |+ 4.09 |+ 9§ +10.05 [+11.38 [+11.31 [+ 9.95|+7.05

The values of V, are obtained from Eq. (1624).
(1+ :—:){2 bar*—(l—2a)(r—h+e)} +2¢(l—2a)
2(1 + ’;) (27 do— 1 (r — B)}

Substituting the numerical values in all the terms, we get
the following values of V,:

V.= w.

N -

+

Load at 1 ] 3 4 ] (] 7 8

n 985 | .954 | .903 | .839 | .763 | .679 | .591 | .500

Drawing the reaction locus and envelope (Fig. 71), and
passing reaction line through C in the upper flange at 3, we

Fig. it

at once see that all loads to the right of o produce com-
pression in the lower flange at D.
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For this position of loads, we have the following end-
moment and reactions :
Due to dead load, —
H = 2(.0775 + 2637 + 4893 + 7275 + .9605 + 1.1314 + 1.2397
+ .6384) 20 = 221.12 tons.
M, = (— 1091 — 15.66 — 15.65 — 12.81 — 7.50— 2.19 + 2.82+ 7.05
+ 1.02 + 4.09 + 6.98 + 10.05 + 11.38 + 11.31 + 9.95) 20
. = —2.80 ft.-tons,
V, = 74 X 20 = 150 tons.

Due to live load covering the right of o, —
H ={2(.9605+1.1314 + 1.2397 + .6384) + .0775 + .2637 + .4893
+ .7275} 10 = 94.93 tons.
M, = (— 7.50 — 2.19 + 2.82 + 7.05 + 1.02 + 4.09 + 6.98 + 10.05
+ 11.38 4+ 11.31 + 9.95) 10 = + 549.60 ft.-tons.
V, = 3% X 10 4+ (015 + .046 + .097 + .161) 10 = 38.19 tons.

From Eq. (212) we then get for flange stress at D,
F" = }[(549-60 — 2.80) + (150 + 38.19) 46.88 — (221.12 + 94.93)

27.99 —20 (15.63 +31.25) — {(188.19 — 40) .3906+ 316.05
X .9205} 3] = — 243.50 tons,

CONCLUDING REMARKS ON ARCHES

98. It must be borne in mind that all the formulas
that have so far been deduced for arch-ribs apply with
correctness only to ribs whose radii of curvature are
considerably greater than the depths of the ribs them-
selves. Were this not the case, the fibre length would
differ sensibly with its distance from the centre of curva-
ture, and as a consequence the change in its length will
not be proportional merely to the stress acting in the
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same, but will also depend on its
distance from the centre of curva-
ture. Thus in Fig. 72, let

r = radius of curvature of the rib,
dc = elementary fibre length at a dis-
tance of y from the neutral
axis,
d¢ = elementary central angle,

so that
=(r + 5 do.
Further, let
Jf = fibre stress at y,

A

A d¢ = deformation of d¢ due to f,

A d¢ = change of d¢,

so that
Adc = yAd.
Then we have,
_ Adc yAde
f=EZ=E r+9dé

Since

= f JSydA4,

substituting the value of f,

Ade y’dA
M= Edcﬁ r+y
or
M
"ex )y’“‘“'
Y r+y

From the last equation it will be seen that

=My
J A

only when y may be neglected.

My




CHAPTER VI

SUSPENSION BRIDGES

99. SUSPENSION bridges are lacking in rigidity besides
being expensive of construction, and for that reason,
those of moderate spans are but rarely constructed. It
suffices to state that suspension bridges with trussed
links are nothing more than inverted arches, and are to
be treated in almost exactly the same manner as the
latter of corresponding forms, with change in signs of
stresses, and taking into consideration the motion of
supports. This last condition brings the following term
into the expres- \

sion for work of a R ‘ B‘YH
resistance,

|
in which A re- —
presents the Fig.

change in span length due to the motion of supports caused
by the change in length of the anchor ties. In the sus-
pension bridge of Fig. 73, we have,

Al = 2A], sec a.

~ Neglecting the frictional resistance to the motion of

saddles on the towers or of the pin (in case the towers
are hinged at the base), we get,
__ Hi, seca
A=
139
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in which 4, represents the sectional area of the anchor

tie. Whence
H?, sec’ e
EA,

Neglecting the compression of towers, we have, by refer-
ring to Art. 45, the following expression for H due to
one load W:

/'“' xydc % ydc f” sin ¢ dx

te ), T~ 4

H=1o ! v L Jo

f’y’dc_'_ fcos¢dx+ls;c’a
[ a

For uniform temperature change ¢, since the actual
horizontal displacements of 4 and B amount to
2 10l, sec a,
we have, by referring to Art. 46, the following equation:
16E (I + 21, seca)
¥ y2dc lcos ¢ dx
./ Tt A

}HAl=

W. . . . (215)

H,=

(216)

100. For a long span, which is the proper field for a
suspension bridge, the latter, as generally constructed,
consists of cables and stiffening trusses, forming a com-
posite system of construction.

101. Cable Suspension Bridge with Continuous Stiffening
Trusses.— No mathematically correct method of calculating
stresses in this kind of suspension bridge has, as yet,
been made practicable, —most formulas used in prac-
tice being more or less rough approximations. The fol-
lowing method of calculation is another of the latter kind.

The cable — being given a uniform cross-section —
forms, under its own weight, a catenary curve; since,
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however, the weight of the floor system and stiffening
trusses, which is generally uniformly distributed along
the horizontal line, is far in excess of that of the cable
itself, the curve actually assumed by the latter is closely

/‘j\ - Is ,,47 )
¥ —1

w
Fig. 74

allied to a parabola, especially as the suspender rods
are so adjusted as to produce this form as nearly as pos-
sible. The entire weight of the stiffening girder in nor-
mal condition and at mean temperature, when not loaded,
may thus be assumed to be borne by the cable, the ends
of the girder touching the supports but producing no
reaction. If now a load W be placed on the girder, the
elongation of the cable and suspenders will take place,
and in consequence the stiffening girder will bear on the
supports. A part of W will then be borne by the stiffen-
ing girder and be transmitted directly to the supports,
while the remainder goes through suspenders to the
cable. For simplicity of calculation, it will be assumed
in the following that the tension in suspenders due to
any loading will be uniform, as in the case of dead loads.
Such an assumption — although never strictly correct —
is permissible considering the considerable rigidity gen-
erally given to the stiffening trusses.
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Let

$ = the pull in the suspenders per unit length of the span.
H = the horizontal component of tension in the cable due to p.
x, y = cobrdinates with origin at 4.
¢ = length measured along the cable.
! = the distance between the towers.
/' = the total length of the cable between the towers.
I, = the length of the anchor cable.
A, = the cross-section of the cables.
I = the moment of inertia of the stiffening trusses.

Referring, then, to Fig. 74, we get the following works
of resistance:

(1) Work in the cable. Passing a section through
the centre of the span, and taking moment at 4 or B,
we have,

-1
H=g%
Since p is assumed to be acting vertically, H will be
constant throughout. The stress in the cable at any
point x will then be,
dc

Ha’

and the work of resistance due to the same,
dc\?
v _
(H - ) de

2f’__x__.
0 2 AE

dc = ‘\/dx’+dy’=dx\/x'+ ?—z,

Since
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introducing in this, the equation of parabola

we get,

2
dc = { 1+ §7‘}i -2 x)’}dx, nearly.

Substituting and integrating, we get for the total work
of resistance in the cable the following approximate
expression:
H? (2 + 8 h?)
2 AEl

or
p 2
(ﬁ @+ 8 1?)
2 4 .El )

(2) Work in anchor cables. If we neglect the resist-
ance offered to the motion of the saddle, the tension in
the anchor cable would be,

H sec aq,
and the work of resistance in the same,

. f‘x(H seca)’dc _ I, sec’a
0 2EA, = G64EAR*

(3) Work in suspenders. Denoting with L the mean
length of all the suspenders, and with A4, their total
cross-sectional area, we at once get for the work in the
suspenders the following expression:

()L
2A,E
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This term is generally so small compared with others,
forming the total work

Ri Rs  of resistance, that it may

p v .
bretsftrrtttrtees |  De. entirely neglected
a without appreciable error.
— t (4) Work in stiffening
Fig. 75 trusses. Let R, and R,

represent the end reac-
tions (Fig. 75) of the stiffening truss. Taking moments
at each support successively, we get,

W(l—a !

Rl=-_(_l__)_%,
_We_p
Tl 2’

also
R +R, +pl=W.

At any point distant x from the left end, we have for
moment,

m = Rlx+1’—xz—mx—%(l—x) for x < a.

%) for x > a.

m=Rx + Psz —W(x—a)=Wa(l_x) _I’x(lz—

l

Neglecting the deformation of web-members, we get
for work of resistance, the following expression:

W( —a) ¢-=)°

f:mzdx=fa{ 7 ax_px " }dx

o 21E 0 2IE

'{Wa(l—x)_[:x(l—x)}’dx
! 2

a 2IE )
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Assuming I and E to be uniform throughout, we get
for the integrals,
40 W?a? (I—a)*— 10 Wpla (I* — 2 a® + a®) +p*
240 [El )

If we neglect the deformations produced in the towers
and the anchorages, we have for the total work of resist-
ance in the structure,
o PR +8RY)  p1Y seca
128 h?A.E 64 A En?
40W?a?(l — a)* — 10Wpla (* — 20% + o°) + P
240 IEl _
Setting the first derivative of » with respect to p equal
to zero, we get,

+

a(P—2a% + a®

Y| F
83h, A8 2l sec )+

W . . (217)

For a uniform load w per unit length, we have but to
put wda instead of ¥, and integrate between given limits
of loading. Thus, for the load extending for @, from
the left support, we have,

a’(5P—5a+ 20w

p=
:ZZ (% + 81 + 21, sec?a) + 25

(218)

102. The following stresses may now be written:
The stress in the cable — maximum at the towers,

H sec ¢, = % %2 sec ¢y,

$, being the inclination of the tangent at towers to the-
horizontal.
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The stress in the anchor cable,
1P

3p Cw approximately.

The stress in the suspender,
v

n
n denoting the number of panels into which equi-distant
suspenders divide the span.
In the stiffening truss at any point distant x from the
left end,

Shear =R, + px : for x <a
=R +px—W forx>a}duetow'
=R +(p—w«x forx<a,‘
=R, + px — wa, forx>a,}duetow'
Moment = R,x + g for x <a )
po? due to W.

=Rlx+T—W(x—a) for x> a

=R‘x+(—ﬁ—_2—1-‘—’)x’ for x < g,

due to w.
= Rxx +PTx’—a,w(x—%) forx > a,

103. Temperature Stresses. — It hardly requires expla-
nation that a rising temperature tends to strain the
stiffening trusses and at the same time relieve the cables,
while falling temperature strains both cables and trusses.

Since,

14
V= dc=1 (1 + z—l’:—z) » nearly (see page 143),
[}
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a uniform change of ¢ degrees— positive for rise—changes
the length of the main-span cable by

8h
r — _’ , .
6l = 161 (1 + Y nearly

Representing by %, the sag of the deformed cable, we

have, . o
—_—) = —L
l(1+t0)(1+3};:) I(I+3p ’

from which

16 s
h=~nh {1 + :(1 + }%}?)}’ nearly.

The deformed cable would then deflect upward or down-
ward by about

ht0 3 B\ _ 3P .
7(1 + 3 h’) =67’ approximately.

The change in the length of anchor cables due to ¢ being
2 t0l,, will change the main-span length by

— 216l sec a.

Representing by 4,, the sag of the cable with changed
span length, we have,

8 hy? i1 87
(l—20tllse0a){x +3(l_20”lsec¢)z}_l(x +3l‘ )

so that the deflection of the cable due to this cause alone
would be
3L
8 h

The total deflection of the cable, due to a temperature
change of ¢, were the latter free to deflect, would then

be,

0tl, sec a, approximately.

)
8=§6510(l+21‘5eca)' « o« o o (219)
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This, however, could not take place owing to the rigidity
of the truss; but as the difference is generally slight, we
shall assume & to be the total deflection.

Neglecting the changes in lengths of suspenders, and
further assuming the stress produced in the latter by
the temperature change to be uniform, and calling it
. per unit length of the span, we get,

gﬁfsu.....@m
This uniform pull on the cable produces tension in the
latter, whose horizontal component is
_8EI,
shit
and in the stiffening truss a moment of
SEI
502
at the centre of the span.
Each suspender sustains a pull due to this cause of
2l
n
104. There is still another factor, not considered in
the preceding discussion, viz.: the change in the amount
of H due to variation of the deflection of the cable from
whatever cause. Thus, if at the normal temperature

H,

-7
H=gw
a change of ¢ degrees would give
' H= PP e o o o (221)

6 3B
Sh{l +;(x +§ i’)}
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TRUSSES WITH REDUNDANT MEMBERS

105. The different forms of trusses with redundant
members may be indefinitely multiplied. They are
generally decomposable into as many simple trusses as
there are systems of such members to form them. The
following few simple cases will sufficiently explain a
mode of procedure for calculating the stresses in this
. kind of trusses.

106. Fig. 76 shows an ordinary lattice truss. The

t 3
1
h 2 10N ° 2
P 4 8
w w
3 s .
11\ [s o
9
4 8 | I 5
oW
3 6 7 8
L
5 hw
p 0 119 o ) z
v 5y Vsl A s
a-ow 7 8
Fig. 76 ¥
P W
truss is evidently decompos-
. . 2
able into two simple trusses 6
8
I and II, —all the mem- ! T
bers excepting diagonals be- l,;’;w"

ing common to both trusses.

A load W hung at the middle panel point must —
according to the principle of least work — be divided be-
‘tween trusses I and I7 in such a way that the internal
work performed in the truss will be a minimum.
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Representing by ¢ the ratio of the load borne by truss
I to the whole, we have the following stresses:

Mem- | 1 ] 3 ‘ 5 6
Trusses.| i ? 1 2
I |—eW|+ oW —.27‘-¢W ) — W |=Zew
2 I 2
II o e e o +E(l_¢)W —-2-(1—¢)W —-27‘(1—¢)W
Mem- 7 8 ' 10 11
Trusses. i ? w
+2—1‘¢W +2—£¢ o
? i )
11 e +;(x—¢)W +(r—¢)W—-27(1—¢)W—5(1—¢)W

Denoting by A with corresponding suffixes the cross-
sectional areas of members, we get for the internal work
in the trusses the following:

s W P 2B P .
2AE- 4E/:2"’2(A +A +7 +A)+(I—¢)z( +A +An+A)

+Z+(:+¢)2%+<z—¢)=§8]=

Since the value of ¢ must be such as to make the inter-
nal work a minimum, differentiating » with respect to ¢,
and setting the differential coefficient equal to zero, we
at once obtain,

2\, afL X 11,2
”’(A +‘(A.0+A,. +"(A4 4,4

L2\, st % X\ it 1 T 1
h'(2—1+‘4 +’(A1+A7+A10+All)+ps(AS+A‘+AC+A
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107. Fig. 77 shows another case of a truss with re-
dundant members, formed evidently by a combination of
Pratt, Howe and King-post trusses. In order to find the
stresses in different members of the truss, decompose the
latter, as before, into elementary trusses I, II and III,
and denote by ¢,, ¢, and ¢, the ratios of distribution of
W in I, II and III respectively, so that

b+ by + b= 1.

The following stresses may now be written:

Members. 1 2 8 4 8
Troses | _ by YW
-5 R I -
n | -few +low hoyw
2/‘¢2 LI 2¢2 —;—ﬁ¢’
"3
mo| ... =W
Members. [ 7 8 9
Trusses.
Ul | +Gew|+Lew| Low
n | e | +Zew|+iew | -Low
I + ¢ W +%¢,W +§¢,W

Denoting by A with suffixes the cross-sections of the
members, we get for o,
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SSL_ W (it ) | S—d— ) B ile | itey
zAE—zEH"II 7 R A Sl S
Ba—9¢) 2'(c—¢—¢) 2°(2—9) 22 ¢1+¢z)2]=
e e e o

Makin
& do
a4~
do.
a4, =

we obtain at once the following equations:

3 ;8

¢'{" (A A)+" a4 +”<A * 4 +A)I+¢[«%,+Z
A 3] i)
ol ol )
—(§+27f)= o.
3 7

Representing the terms within the brackets by a, 8, v,
8 and e in order, we get

b+ $B8=1y,
dB+ 08 =¢

Be —
b = B = a8
By— ae
¢2 Bz _as

by = BB—y)+e(@a—B+3(y—a),
B —ab

from which
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As this chapter is the least important of all, consider-
ing the comparative rarity of the kinds of structures
treated, it is deemed sufficient merely to indicate a mode

of procedure in the calculation of stresses by means of
the method of work.



CHAPTER VII

SECONDARY STRESSES DUE TO THE RIGIDITY OF
JOINTS

108. STrICTLY speaking, the stresses in all kinds of
trusses are statically indeterminate; for it is only by
assuming joints to be free of all constraints under all
changes of form due to elastic deformation of members
that we are generally enabled to calculate the stresses
in trusses when external forces are known, while in
reality all joints are more or less rigid and resistant to
angular changes between truss-members. Even pin-
connected trusses are to be considered to have rigid
8 joints wherever the frictional resistance
on the surface of the pin exceeds the
torsional moment caused in the latter

A ¢ by the members which it connects.
In the following, we shall in the first
place discuss the secondary stresses in
the truss itself, and then those in the posts and lateral
members due to rigid floor-beam and lateral connections.

b
Fig. B8

SECONDARY STRESSES IN TRUSSES

109. Suppose a truss element ABC (Fig. 78) undergo
deformations in its sides a, b and ¢ due to stresses pro-
duced in them. If the joints do not offer any resistance
to motion of members, then corresponding angular

changes would take place forming a new triangle with
154
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changed side-lengths. Representing by A the rate of
linear and angular changes, + for extension or enlarge-
ment and - for the contrary, we have the following
equations from the deformed triangle:

(b + Ab) sin (4 + AA4) = (a + Ag) sin (B +'AB),

from which, by neglecting small quantities, we get

A4 = % - %—b>tanA + ABEE%'
Similarly,
AC = (% - ATb)tanC+ AB:::—%;
and since '
AA + AB + AC = o,
we get,

AB=ATb(cotA + cot C)—%gcotc—écfcotA,

AC = ATc(th + cot B) —%—acotB—ATbcotA,

AA =%‘~l(cotB + cot C) —%I-)cotc—%ccotB.

These equations would then give the amounts of angular
changes due to changes in lengths of the members were
the latter free to move at the joints. If, however, the
joints were so rigid that angular changes could not take
place, then each member would have to distort itself in
such a way as to occupy its new position without pro-
ducing angular changes at the joints. As a consequence,
whatever positions the members may in this way assume,
the tangents to their neutral axes at the joints should
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maintain the original angles between them. The con-
straint thus made active at each joint gives rise to bend-
ing in each member. Let a member A4 C be cut off
close to the joints (Fig. 79), and
represent by M, and M, the
moments acting at the ends, —
positive for bending the piece
anticlockwise and vice versi.
Further, lét AC” represent the
original position of AC, the former being tangent to the
latter at 4; and denote by a the displacement of C, —
positive when it is clockwise and vice versA.

Since the moment (positive when causing compres-
sion in upper fibres) at any point distant x from 4 is

g Mt

———————— +)
. A —

—— ] Mc’{-

Fig. »

considering the moments only, we get for the internal work
in the member,

-

w =

L
(— M, + M. 1- M'x)zdx

- —L— £ (L2 — MM, + M),

in which I represents the moment of inertia of the section
of the piece, and E the modulus of elasticity, both assumed
to be uniform.
Since the force acting through a, reckoned in the same
sense as the latter, is
M+ M,
L ,

I—————
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it follows from the first theorem of Castigliano (Art. 6)

M, + M,
L

must be equal to a, so that with 3, as variable we have,

that the first derivative of w with respect to

-6Lﬁ(2M.—M.)=% C e e (a22)
Considering now the joint A (Fig. B

Mupe @

80), and applying this equation to
members AC and 4B — denoting their
lengths, end-displacements and mo-
ments by L, a, and M with corre-
sponding suffixes as shown in the
figure — we get,

L.
—6_E-I—(2 M..—M-)-—'- _Lﬂ-_,_ « e e e (223)
L
“z—i—ld(zM..—M..)=ii C e e (224)

Referring to Fig. 8o, it will be seen that the angular
change A4, which would have taken place had the angle
A been free to change, to be equal to BAC — B’AC’,
so that by paying attention to signs we may put

Consequently we get,

6EABAC=%(2M..—M,.)——IL—"(2M,,—M.). . o (225)
ac ab
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Similarly for other angles, we obtain,

6EAABC =18 Mu—M) — B Mu— M) . . . (226)
I, I
Ld Lu
6 EABCA =72(2 Ma—Mi) — 7= Ma— M) . . . (227)
ob oa
Since at each joint ,
SM=o,
we have in the triangular frame ABC,
Md + Mu = 0,
My + M, = o,
M‘ + M,. = 0.

In this way, as many equations as there are unknown
moments in a truss may be ob-

0 tained by extending equations over
m all the triangles of the truss and
> g setting the 3 M at each joint equal
F——f—»—1" {5 zero. The following example

Fie. & will show the application of this
method to the calculation of secondary stresses in a
simple truss.

ExampLE. — In the truss of Fig. 81 given:

Is = 360 in.* L, = L, = 25 ft.
I, = 60 ¢ Ly=L,=30%
I.' = 40 “
Iy = 360 ¢

Supposing the members to sustain following intensities
of direct stresses :
AB = DE = — 7000 lbs. per sgq. in.
AC = CE = + 7330 lbs. per sq. in.
BD = — 7330 lbs. per sq. in.
BC = CD = + 8000 Ibs. per sq. in.
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to calculate the secondary stresses induced in each member,
assuming the joints to be perfectly rigid, and E taken at
30,000,000 lbs. per sq. in.

In consequence of the principal stresses the following
deformations are produced :

In ABand DE . AL=—%°X25X12=—.oyoin.
ACa.ndCE{. AL=7‘E X 30 X 12 = + .088 in.
BD . . . . AL=-———§£X30X12=—.088in.
BC and CD . AL=8——2.;OXQSXn=+.080in.

Since

cot BAC = .7500,
cot ABC = .2915,
cot BCA = .7500,

the angular changes, were they possible, would then be,

_ 080 .088 07 _
ABAC = —5(.2915+.7500)— 360 X.75+ 300 X .2915=.0001624,
AABC = (75°°+ 7soo)—ﬁ X 75+ 2T o0 X *1500=.0003416,

ABCA = 7 (7soo+ 2915) — —ﬁ X .2915 — 88 x .7500
= — .0005040,

.080 .08 .088
ADBC=—3°—°(.7500+ -2915)—535 X .291§ +—33; X .7500=.0003835,

.088 .80 .08
ABCD= — %(‘75“’ + .7500) — 300 X 7500 — P X 7500

= — .0007670.
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Applying Eqgs. (225-227) to all the angles successively, we
obtain,

60 00
1) 6E .oco1624 = ::—o(zM..—M_ -g?o(z My — M.).

2) 6E .0003416 = g%j(z Mu.—M,) — %(:M, - M).

360

00

3)—6 E 0005040 = %(2 Ma— M) =22 (2 M — ML),
00 6

4) 6E.0003835 = 3 (2 Mu— M.) — %{3(’ M — M),

00 00
— 6 E .0007670 = -36?(2 Mo— M) — % (2 My — M,).

Since from symmetry,
M.,=—-M, M,=—-M,, Ma=—M,,
the last equation becomes

5) 6 E .0007670 = %%o(z M, — M,).

Again, since, at each joint, B o
SM = o,

6) M..+M“=o.
7 M+ M+ Mu=o. a2 .

From these equations we ob- m‘c %

tain the following values of M's:

M, =+ 2602 in.-lbs.
»=— 2602
M, =+ 25926 ¢
M, =+ 2454 “
M,=— 28,380 ¢
M,=+4+ 8,13
M,=+ 10,176 ¢
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Paying attention to the signs of the moments, it will be
seen that the bending of the members takes place as shown
exaggerated in Fig. 82.

The widths of members in the plane of the truss being
as follows,

AB = 12in,,
BD = 12 “
BC= 4 ¢
AC= 4 ©

the secondary stress in each member may now be written,

In 4B .....zgz:6x6—43zlbs per sq. in.
]
BD....,2:£OX6=473 [ “ 6«
BC ..... §—;—3i> X2=271' (1 TR T I 1
AC.....I°I76)(2—-5°9 “ [ T 1
40

These stresses are to be added to the direct stresses
already given, to obtain the maximum intensities of stresses
in the members. Strictly speaking, the actual maximum in
each member is less than the maximum thus found, by that
portion of the direct stress taken up in producing the mo-
ments, but the difference is generally so slight as to be
practically negligible. '

SECONDARY STRESS IN THE POSTS DUE TO RIGID FLOOR-
' BEAM AND LATERAL CONNECTIONS
110. By Loading.— When the posts are connected rigidly
at top by the lateral strut, and at bottom by the floor-
beam, —as is most usually the case, — the bending of the
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floor-beam caused by loading on the same induces— by
reason of constraints —the moments and thrust, produ-
cing deformations as shown exaggerated in Fig. 83.
Representing by M,, M,, M,, and M, (Fig. 84) the
moments produced at the four corners of the frame, —
positive when producing compression on the outer fibre,

M Mg
[ ST 16

LE Ms

Fig. 83 - Fig. 8¢

and vice versi, —it is evident that, for all loads sym-
metrically disposed about the centre of the floor-beam,
M,=M,,
M, = M,.

Let m,, m,, and m, represent moments at any point in the
upper strut AB, post AC, and floor-beam CD respectively.
Then, neglecting the influence of direct stresses and
considering moments alone, we get for the work of resist-
ance in the frame, :

bm,2dx P, dx bms2dx
— o 2
""j; 2EL T 2), 2B, V), 2EL

I, I,, and I, representing the moments of inertia of the
sections of strut, post, and floor-beam respectively. Since
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ml=M°.
m,= M, + M‘—;—M—"x,origin of x taken at 4,
mg = Ml + M}

in which M represents the moment due to loading, assum-
ing the floor-beam to be simply supported at both ends.
Substituting these values of m in the above expression
for work, and integrating by assuming the cross-sections
of members to be so many constants, we get,
_ M 3 MMp+ (M, — M)k
2EI, 3 EI,

+ (M,’b-l-zM fde+f M’dx)
EI,

Since the values of M, and M, must be such as to make
the total work of resistance in the frame a minimum,
setting the first derivatives of o taken successively with
respect to A/, and M, equal to zero, we get,

Mp M+ 2Mp _

DAY A
2Mh+Moh Mb f"de
+
3[
from which
L
M, =— 31, M, . . . .. . . (228)
T 2k
L. I, 31,
Eliminating M,,
h f"de
M, = 31, .+ (229)

Gt -Gl
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, :
11. The integral j: Mdx depends on the mode of

symmetrical loading. For a single-track railway bridge
loaded as shown in Fig. 85, we have,

b—a
f Mdx = — 2f Wxdx — (

so that we get,

—a w 2__ .3
)dx— —T(b —a?),

h 2
:211,(” —a)

G-

b —a’(_ 2k
L4l \I,

e

1u2. In a highway bridge, since the 7—"‘_«1
live and dead loads may be assumed to oY
be uniformly distributed along the floor-
beam length, designating by w the load 2ol

per unit length, we get, e

fde———,

so that from Egs. (228) and (229) we obtain for this
case,

W. . (230

hbt
36 I'I' . (232)

e -G
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b 2h
12 Is( I + ) . (233)
N EEe)

118. Knowing M, and M,, the moment at any point
in each member can at once be found.

In the post the maximum fibre stress /
calculated from such moment is to be

combined with the intensity of direct

stress which the post receives as the /

member of the truss, to obtain the v
greatest intensity of compression in the ig, %
same.

The upper strut is subjected to a compression of

M, — M,

h )

and a bending of M, throughout its length. The floor-
beam sustains, beside a bending of

M, + M,
a direct stress of the same amount but of opposite kind
as that -in the upper strut. The cross-section of the
floor-beam is, however, generally so great that the direct
stress produced in the same need hardly ever to be taken
into account. ‘

If the upper strut were either hinged at both ends
(Fig. 86) or its section so small that I, may be entirely
neglected, then M, would disappear and

f b Mdx
ih__:’b_.—) C e e e e (239
LT

M =—
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The upper strut would be free of ,

B
moment, and the direct stress >§L
simply equals lne -

M, v

T

h " I3
114. In the bracing of Fig. 87 l | I
iy I3

with designations as given, by
neglecting the effect of all direct } I —
stresses, we get for the work of \
resistance,

= (7, + M= Ms )’ L[ (M,
—EI,\/:<M‘+ 7 x dx+EI,j.‘ (—e—x)dx

1 b 2
+_2EI“/0‘ (M, + M)?dx.

Pig. &

("]

Differentiating this with respect to M, and M, succes-
sively, and setting the differential coefficients equal to
zero, we get,

M+ 2(f+e) M, = o,

or
—a
and
Ilz(_ﬂ% n ’TMI) + ;;(bM,+£bde) ~o

Combining the two equations, we obtain,

I
Taonx

=_f———(3h+e)+_ll e e e (239
6 hl, I,

M,
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b
—2{';1 Mdx
=00 . . . . . (236
Mo=7Gh+a, s (23
6hl, T,

b
The integral j: Mdx is the same as in the preceding

case.
The stresses in the struts are,
A8 = — Yo,
[4
cp = MMy,
P) f

ExaMpPLE. — (1) In a single-track railway bridge with the
cross-section of Fig. 88, given:

I, = 1600int
I, = 8ooint
I, = 4800 int
W = 60,000 lbs.

Ext. width of post = 15 in.

required to find the maximum fibre stress caused in the posts.
From Egs. (230) and (231),

20 (16? — 6?)
12 X 800 X 4800 60,000

My =— 16 + 40) © 16)_ 20 \?
(1600 2400/ \2400 = 4800 2400

= —12,350 ft.-Ibs.
256—36( 16 + 40)
_4 X 4800\1600 = 2400
668
1,440,000

60,000 = 39,520 ft.-Ibs.

M,
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Consequently the greatest fibre stress in the post is in
this case found near to its lower end, and is in amount,

39,520 )8<o:>2 X775 _ 3700 Ibs. per sq. in.

(2) In a highway bridge with cross-section as shown in
Fig. 89, to calculate the stresses in the post and struts due to

A
. VAVAVAVAVAV, Mo T+ | -
M“ l’A’A‘A’A AVA - .i" D
ml
%’ 4 3= 800 IN® e
1Ly
My W, Iy== 3000 IN*
| .‘el
Pig. 88 Fig. 8

constraint caused by a uniform load of w = 3000 lbs. per ft.
run, the dimensions being as given in the figure.

From Eqgs. (235) and (236),

300X 18

- 12 X 3600 _

M, = 16 (60 + 4) 8 + 25,850 ft.-1bs.
6 X 20 X 800 ' 3600
16 X 3000 X 18°

— 2 X 12 X 20 X 3600 _

M, = 16 (60 +4) 18— 10340 ft.-Ibs.
6 X 20 X 800 3600

The greatest fibre stress in the post will then be,

25,850 X 12 X 8 .
T = 3102 lbs. per sq. in.
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The stresses in the upper struts are,

AB = 10,340

= + 2585 lbs.

__ 10,340 _ 10,340 ;2 25,850 = — 4847 1bs.

S|

(3) Suppose, in the case of Fig. 88 and Example (1), the
upper strut to be hinged at both ends; then from Eq. (234)
we get,

W o n 60,000 (16 — 6%)
4I,(b a)= 4 X 4800
2h b 2 X 20 16

FY AR A 3 X 800 ' 4800

M, = = 34,375 ft.-bs.,

showing that the posts receive somewhat greater stresses
from constraint, when the upper strut is firmly fixed to them.

115. By Wind Pressure. — Wind pressure also pro-
duces moment and direct
stresses in posts forming a
rigid frame, whenever the panel
wind pressure is to be trans-
ferred from one chord to an-
other, — the distortion of the
frame being as shown in Fig.
90, in which the wind pressures,
acting at the upper panel points
are being brought down to the lower. This is simply a

_somewhat more general case of wind pressure discussed
in Art. 20. From what has been there said, it will be
easy to see that here again the points of contraflexure
in the posts may be assumed to be at the same height.

Pig. o0
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Assuming the wind pressures 2 P to be resisted equally

at C and D, we have
H=P.

Passing now a section through the point of contraflexure
in the left-side post,.and representing with 7" and S the
tangential and direct stresses acting at the section, we

have as before,
T=H.

Taking moments successively at 4, C, O, B, and D, we
get,
My=—T (h— hy) =— H (h — hy),
M, = Hh,,
—Sb —2P (h—hy) =o,
My=—T (h—hy) — Sb=H (h — hy) =— M,
My= Thy— Sb — 2 Ph = — Hhy=— M,.

Represent by

m, the moment at any point in the upper strut.
m, the moment at any point in the post.
my the moment at any point in the floor-beam.

Neglecting the influence of all direct stresses as being
inconsiderable when compared with moments, the total
work of resistance due to the latter will be,
[ mdx » m,2dx ® my2dx
°=Jo2E, t?), e, Y ), 2EL

Referring to Fig. go and to the preceding equations,
we have,
M,— M,
b

m2=M0+%%’MO

ml=Mo+

x=H (h—h,) (%c - 1) , origin of x taken at 4.

x = H (x + hy — h), origin of x taken at 4.
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— M,

my = M, + %x= Hh, (1 - 2_x>, origin of x taken at C.

b

Substituting these values of 7 in the expression for work,
and integrating, we get,
o HXh = b | Hh (=3 hhy + 3 ) | H'ho?

- 6 EI, 3 EI, 6 EI,
Since the value of 4, must be such as to make the inter-
nal work a minimum, the first derivative of » with re-
spect to k, set equal to zero will at once give,

b, 3k
po=—n L, (237)
=73 N 6h N 5 o e oo« (237
LI, I,
This value of %, substituted _r . P
in the foregoing equations of P
moments, will give moments | 0
at all points of each member. 4 | o
The direct stress in the post )L‘T. ]
is nothing else than $ b 0
g 2Pl=h) "
b Pig. o1

116. With the bracing of Fig. g1, by referring back
to Art. 22, it will at once be seen that here again

T'=H=—,

and taking moments at C, E, and O,
Mo=_T(f—ho)=_H(f—ho),
M, = Thy= Hh, y
—Sb —2P (h—hy) =o0. :
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‘Then at any point distant x from E we have the follow-
ing moments in the post and floor-beam:

EtoC..M+M — M,

Ly = H (b — #),

croa . . My—Mo,_ f)=H(f—ﬁo)(

x—f I)'

EtoF . . M,—zgl'x=Hho(1 —2b—x)

Neglecting the influence of all direct stresses, the total
internal work may now be written,

..—_{f(ﬁ —x)’dx+/(f ﬁo)z( =k dx}

(-5
+ S EL (‘ 5) o

Integrating, we get,

= B { e hr G f-ar) s

Setting the first derivative of » with respect to 4, equal
- to zero, we get,

%(2ﬁ+f)

b= —2—— . . . . . (238)
Zh+af) +

If we make I, = o in this, the equation would revert
to that of the case of posts with the lower ends fixed —
discussed in Art. 22.

ExampLEs. —In a through bridge 18 feet in width, an

upper panel wind pressure amounting to 18,000 Ibs. is to be ‘
brought down to the lower panel point at an intermediate
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point in the truss. To calculate the stresses produced in the
posts and bracing.
In the case of Fig. 92 from Eq. (237),

18 3 X 18.5
__ 3600 2400 _
k=3 L 6x85 18 X 18.5 =991,
3600 2400 12,000

so that
M, = — gooo (18.5 — 9.9) = — 77,400 ft.-lbs.,
M, = gooo X 9.9 = 89,100 ft.-lbs;

A B
9000 |y = g0 N 9000 L8S, ‘ _ o
\ > - '
Mo| F Mo c/"” Dl |m
|..- 2400 IN ¢
*_-" -I;M
—~F2 b lo == 2400 IN* 2
A= 30 IN* T = sows
2000 W -
M, | 5 =12000 1N+ My L= W
lﬂ' '
Fig. g2 Fig. g3

and since, by using the designation in Fig. 9o,

—Sb—2P (20 — b)) = o,
__ 18,000 (20—9.9)

S= ———8 = o700 Ibs.

The maximum stress in the post will therefore be

_Aﬁ X 10 + .._9= 89,100 X 12 X 10 4+ 10,100
I, 4 2400 30

= 4792 lbs. per sq, in.

The stress in the upper strut due to bending is

77,400 X 12

3600 X 18 = 4644 1bs. per sq. in.
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In the case of Fig. 93, we have, from Eq. (238),

=2 (40 + 12)
ky= 2400 e 6.8 ft.,
(20 t24) + 12,000
so that
M, = — gooo (12 — 6.8) = — 46,800 ft.-lbs.,
M, = gooo X 6.8 = 61,200 ft.-Ibs.,
§ = — 18000 (20 — 65 (:g —68_ 13,200 lbs.
The maximum stress in the post will therefore be
61,200 X 12 13,200 .
w00 X 10 + =2— = 3500 lbs. per sq. in.
The stresses in the bracing are /
obtained in the following manner : 8000 Las. 5 /., 8
Passing a section through bracings e T
and one of the points of contraflexure, »the T ™[ 7 °
as shown in Fig. 94, and considering fta| / .
the left portion, we have, by taking ,/'s
moment at 4, /
—~ T (h—hy) — CDe = o, b
—_— — Fig. o4
CD=-— 9"“;(";—68—) — — 14,850 Ibs.

Taking moment at D,
— T(f — hy) — Sb — goocoe + ABe = o,
—H(f—hy) +2H (h— hy) — goooe + ABe = o,

AB =202 08, a5 ibe.
Since at the section I vert. forces = o,
—S—ADsina = o,
iD=?2 H(h — ho) 18,000 (20 — 6.8)
bsina 18 X .4062

= 32,500 lbs.




APPENDIX I

A PROOF OF THE THEOREMS OF CASTIGLIANO

THE following proof of the theorems is in its method
essentially the same as that given by Professor Foppl in
his ““ Technische Mechanik.” Let a number of forces (or
moments) P’s be simultaneously and each gradually ap-
plied on an elastic body, making corresponding displace-
ments (or rotations) ¥’s.

Since the internal work equals the external work, we
at once have

w = } 3Py,
o denoting the amount of internal work. ‘

Suppose now that one of the forces, say P,, is a vari-
able one, and receives a uniformly varying increment dP,,
which will be assumed to attain its ultimate amount
simultaneously with P,; then, since each y is a certain
function of P,, we have for the first derivative of any one
- term Py with respect to P,

gy
P!

and so for all other terms, except P,y,, as P, and ¥, are
both variable quantities.
For this we have

d(Pyy,) - Py, + y.4P, -
dapP, dapP,
175

P.:-:%"v+ o
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Summing up the results, we get

do _ _z
FoPIPF . .. @

If, on the other hand, we suppose the body in the first
place to be acted on by all the P’s and to these dP, to be
subsequently added, the ultimate amount of the o will
be the same as in the preceding case. In the present
case, the gradual application of dP, changes y of any one
force P by dy with respect to P,, whereby the force which
remains constant performs the work

Pdy,
and so with other forces including P,.
The work performed by dP, itself amounts to
3dP, dy,.
As this latter, however, is a quantity of the second order,

we may neglect it in comparison with the increment of
works performed by the forces themselves, and put

do
apP, dP

®
Combining equations (@) and (b) we get

_2. = —l,
dP «}EP +»}yv P

from which

do
‘E‘F =Y
which proves the first theorem.

The second theorem is, as already explained, a spec1al
case of the first one, and is at once deducible from the
latter.



APPENDIX II

TEMPERATURE STRESSES 'IN VIADUCT BENTS
(Being a supplement to Chap. IT)

THE temperature stresses in an ordinary viaduct bent
are often not possible of combination with stresses aris-
ing from other causes, unless the temperature at the time
of erection is exactly known. The following discussion
concerns the stresses produced by any given change in
temperature alone.

Let T

t = the range of a temperature
change ; 1
0 = coefficient of expansion and ! .
contraction. >
H
Then in the bent of Fig. 1 77477
Yy '

a rise of ¢ above an initial
temperature would increase
the distance b between the posts by #6b were the latter
free to move.

However, the lower ends of the posts being assumed
to be firmly fixed, moment and horizontal reaction would
be produced at each end; each horizontal reaction H
acting, as it were, through a distance of

0
2

Calling the moments producing compression on the
177

Fig. 1
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outside fibre of the frame positive, we have for the bend-
ing moment at any point in the post,

M - Hx,

and in the cross-girder,
M — Hh.

Then, neglecting the effect of direct stresses, we get
for the internal work in the frame,

""E_Ij.:(M Hz)* dx +

EII f (M - Hh)dx

(M‘ HMh + 2 (M - Hh)',
Is 3

EIl
in which I, and 7, denote the moments of inertia of the
cross-girder and posts respectively, and E the modulus
of elasticity of the material.

Then, according to the principles of work,

do do -
—— = /]
am = am ~

So that we at once get
’l(zM—Hh) + ”—(M— Hh) = o,

3—-(3M—2Hh)+ LT -%99.

from which
2hIl+ bIg

h (hI, + bI,)

o = (P11t BI,\ 3 ELg6b
WL+ 2bI,) 1

H =
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In case the lower ends of the posts are hinged, M = o,
so that we get

H= ( 31, Et0b‘
2kl + 361,/ K?

Referring to the numerical example given on page 27,
_for '
t = 50° Fah,,
0 = .000007,
E = 30,000,000 lbs. per sq. in.,
we get '
M = 263,400 in.-lbs.,
H = 2840 lbs,,
M — Hh = 247,800 in.lbs.,

and for the same with lower ends of posts hinged,

H = 707 lbs,,
— Hh = 127,260 in.lbs,,

showing that the moment in the post due to tempera-
ture change is very much augmented by rigid connec-
tions, while against horizontal forces the reverse would be
true —a fact perhaps so well known as to hardly require
any further comment.

Longitudinally, the temperature stresses produced in
the posts also differ considerably according to the modes
of connection made between the girder and the posts and
the number of spans so connected.

Suppose that in Fig. 2, two continuous spans are fixed
longitudinally at C and movable at 4 and the posts
firmly fixed at D and rigidly riveted to the girder.
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Then a rise ¢ in temperature will tend to displace
the point B with respect to D by #0l, so that H would
be acting, as it were, through that distance in the direc-
tion as shown in the figure.

21
B
A c—— 1, [+]

I

Df——aH
W/I

Pig. 2

Calling moments producing compression on the upper
fibre of the girder and on the left side one of the post
positive, we have for moment at any point of

AB Rx with origin of x at A4,
BD M - Hx “ {3 “ 2 at D’
BC .R;l-'-_M.:l?—h x ¢ “ “ xat C.

4

Again neglecting the effect of direct stresses, we get
for the internal work in the frame,

-3 ;I,% [ @oran s [[(BEH=EE Yy

f (M — Hx)'dx,

2EI4

in Which I, and I, represent the moments of inertia of
the girder and posts respectively, both considered as be-
ing constant throughout.
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Then since according to the principles of work

do dw dow
T o 0; S5, =9 T5=0
ag= "% g r"°
we get
2L g - M- Ry+ 2 eHL - 30) = B9,
I, I, h

2l (g — Mh - R+ 32 (HL - 2 M) = o,
Ig I‘
Hh=M - 2Rl =o,

from which

o = (Hat 341 \6EL6)
2i,+ 3hl) K '

_ (U +6 hI,)6EI4tOI'
2, + 3hIs) B

If the lower ends of the posts were hinged at D, M
would disappear, so that we get

5o (Ll \6EG
I, + 2hl,) W

Again referring to the previous example and assuming

Iy = 30,000 int ! = 50 ft.

I,= 1000 int h = 15 ft.

we get for the case of fixed posts,

M = 1,126,400 in,-lbs.,
H = 12,290 lbs,,
M — Hh = 1,085,800 in.-lbs.
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A comparison of such figures will show that in most
cases occurring in practice, the max. moment in the post
when the latter is firmly connected to the girder and to
the foundation may, without material error, be assumed
to be twice that produced when either end is hinged.

The combined action of lateral and longitudinal mo-
ments is to throw the greatest compression, in the above
case, on the outermost corner on the left side of the post
base, where it would amount to, for a 12-in. square post
with I = 1000 in.! in either direction:

'..v6;:,,4oo)< 6 + 1,126,400
1000 1000

X 6 = 8340 Ibs. per sq. in.

By applying the foregoing computations to any form
of post sections, it will at once be seen that a considerable
stress is produced in certain portions of the column, in
the kind of bent discussed, under changes of temperature
which are not uncommon.
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Brown, Wm., N. The Art of Enamelling on Metal...... 12m0, *1 oo
——Handbook on Japanmning................... e 12mo, *1 50
——House Decorating and Painting.................. 12mo, *1 50
——History of Decorative Art....................... 12mo, *1 25
—— Dipping, Burnishing, Lacquering and Bronzing Brass
B £ ¥ - 12mo, *1 oo
—— Workshop Wrinkles ...........coocvvniiniinnnn. 8vo, *1 oo
Browne, C. L. Fitting and Erecting of Engines........ 8vo, *1 50
Browne, R. E. Water Meters. (Science Series No. 81.).16mo, o 50
Bruce, E, M. Pure Food Tests....................... 12mo, *1 25
Brunner, R. Manufacture of Lubricants, Shoe Polishes and
Leather Dressings. Trans. by C. Salter........ 8vo, *3 oo
Buel, R. H, Safety Valves. (Science Series No. 21.)...16mo, o 50
Burley, G. W. Lathes, Their Construction and Operation,
12mo, I 25§
Burnside, W. Bridge Foundations.......... veeers...12m0, *I1 50
Burstall, F. W. Energy Diagram for Gas. With text...8vo, 1 50
——Diagram sold separately..............ccciiieieiiiniinnnn *1 00
Burt, W. A, Key to the Solar Compass...... 16mo, leather, 2 so
Buskett, E. W. Fire Assaying................coouun. 12m0, *1 25
Butler, H, J. Motor Bodies and Chasis.................. 8vo, *2 s0

Analysis . ........iiiiiiiiiiiii i, 8vo, *1 50
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Cain, W. Brief Course in the Calculus................12m0, *r1 75

——Elastic Arches. (Science Series No. 48.)........ 16mo, o 50
——Maximum Stresses. (Science Series No. 38.)..... 16mo, o 50
—— Practical Dsigning Retaining of Walls. (Science Series

NO. 3.) ooviiiiiiiiiiiiiarineinetieinnenann.. 16mo, o 50
—— Theory of Steel-concrete Arches and of Vaulted Struc-

tures. (Science Series, No. 42)............... 16mo, o 50

——Theory of Voussoir Arches. (Science Series No. 12.)
’ 16mo, o 50
—— Symbolic Algebra. (Science Series No. 73.)......16mo, o 50
Carpenter, F. D. Geographical Surveying. (Science Series

No. 37.) tovi i i 16mo,
Carpenter, R. C., and Diederichs, H. Internal-Combustion

Engines .......ccoiiiiiiiiiiii e 8vo, *5 oo
Carter, H. A. Ramie (Rhea), China Grass............. 12mo, *2 oo
Carter, H. R. Modern Flax, Hemp, and Jute Spinning...8ve, *3 oo
—— Bleaching, Dyeing and Finishing of Fabrics......... 8vo, *1 00
Cary, E. R. Solution of Railroad Problems With the Use of

the Slide Rule................ccvviivinnnn. 16mo, *1 oo

Casler, M. D. Simplified Reinforced Concrete Mathematics,
12mo, *1 oo
Cathcart, W. L. Machine Design. Part I. Fastenings...8vo, *3 oo

Cathcart, W. L, and Chaffee, J. I. Elements of Graphic

Statics ...l 8vo, *3 oo
——Short Course in Graphics.............c..cvvvuenn. 12mo, 1 50
Caven, R. M., and Lander, G. D. Systematic Inorganic Chem-

istry ..., vesese Gresesnrettaasenes 12mo, *2 oo
Chalkley, A. P. Diesel Engines.........cccovnvvn......8v0, *4 00
Chambers’ Mathematical Tables........ccovvvveeeenn... 8vo, 175
Chambers, G. F. Astronomy......................... 16mo, ' *1 50
Chappel, E. Five Figure Mathematical Tables......... 8vo, *2 oo
Charnock. Mechanical Technology...............c.uun. 8vo, *3 oo
Charpentier, P. Timber.......................cvnnt 8vo, *6 oo
Chatley, H. Principles and Designs of Aeroplanes. (Science

Series.) ......iiiiiiiiiii s 16mo, o 50
——How to Use Water Power...............ccovuenn 12mo, *1 oo

—— Gyrostatic Balancing...............cooiiivinennnn. 8vo, *1 oo
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Child, C. D. Electric Arcs......... ciessiaiiiiesieses 8V0, *2 00
Christian, M. Disinfection and Disinfectants. Trans, by

Chas. Salter .............ccovviiviiiininnen, 12mo, 2 oo
Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming,

8vo, *3 oo

—— Chimney Design and Theory............covvevuennn 8vo, *3 oo

———Furnace Draft, (Science Series, No. 123)......... 16mo, o 50

—— Water, Its Purification and Use in the Industries....8v0, *2 oo
Church’s Laboratory Guide. Rewritten by Edward Kinch.8vo, *1 50

Clapham, J. H. Woolen and Worsted Industries......... 8vo, ' 2 oo
Clapperton, G. Practical Papermaking................. 8vo, 2 50
Clark, A. G. Motor Car Engineering.
Vol. I. Construction...........cccovvunenn Cerecesaieas *3 00
VoLIL. Design.........ccovvieeeeransnncesconanes (In Press.)
Clark, C. H. Marine Gas Engines.................... 12mo, *1 50

Clark, J. M. New System of Laying Out Railway Turnouts,
1210, 1 0O
Clarke, J. W., and Scott, W. Plumbing Practice.
Vol. I. Lead Working and Plumbers’ Materials. .8vo, *4 oo

Vol. II. Sanitary Plumbing and Fittings.......... (In Press.)
Vol. III. Practical Lead Working on Roofs........ (In Press.)
Clarkson, R. B. Elementary Electrical Engineering.
. (In Press.)
Clausen-Thue, W. A B C Universal Commercial Telegraphic
Code. Sixth Edition.......................... (In Press.)
Clerk, D., and Idell, F. E. Theory of the Gas Engine.
(Science Series No. 62.).........c00vvuvnennn. 16mo, o 50
Clevenger, S. R. Treatise on the Method of Government
Surveying ......c.iiiiiiiiiiiiiiiienann 16mo, mor.,, 2 50
Clouth, F. Rubber, Gutta-Percha, and Balata.......... 8vo, *5 oo
Cochran, J. Treatise on Cement Specifications.......... 8vo, *1 oo
——Concrete and Reinforced Concrete Specifications....8vo, *a2 50
Cochran, J. Inspection of Concrete Construction....... 8vo, *4 oo

Cocking, W. C. Calculations for Steel-Frame Structures.iamo, 2 25

Coffin, J. H. C. Navigation and Nautical Astronomy..12mo, *3 50

Colburn, Z.,, and Thurston, R. H. Steam Boiler Explosions.
(Science Series No. 2.).....ccveiveneennnenns 16mo, o 50
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Cole, R. S. Treatise on Photographic Optics.......... 12mo, 1 50
Coles-Finch, W. Water, Its Origin and Use............ 8vo, *5 oo
Colling, J. E. Useful Alloys and Memoranda for Goldsmiths,

Jewelers....... ... ... il 16mo, o 50
Collis, A. G. High and Low Tension Switch-Gear Design.8vo, *3 50
——Switchgear. (Installation Manuals Series.)...... 12mo, O 50
Comstock, D. F,, and Troland, L. T. The Nature of Matter

and Electricity..... et eaeeeareeeer e 12mo, 2 00
Coombs, H. A. Gear Teeth. (Science Series No. 120)...16mo, o 50
Cooper, W. R. Primary Batteries....................... 8vo, *4 oo
Copperthwaite, W. C. Tunnel Shields................... 4to, *9 oo

Corfield, W. H. Dwelling Houses. (Science Series No. 50.) 16mo, o 50
—— Water and Water-Supply. (Science Series No. 17.)..16mo, o 50
Cornwall, H. B. Manual of Blow-pipe Analysis........... 8vo, *2 50
Cowee, G. A. Practical Safety Methods and Devices....8vo, *3 oo
Cowell, W. B. Pure Air, Ozone, and Water............ 12mo, *2 oo
Craig, J. W., and Woodward, W. P. Questions and Answers

about Electrical Apparatus........... 12mo, leather, 1 s0

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.)
16mo, o 50
—— Wave and Vortex Motion. (Science Series No. 43.).16mo, o 50

Cramp, W. Continuous Current Machine Design......... 8vo, *2 50
Creedy, F. Single-Phase Commutator Motors........... 8vo, *2 oo
Crehore, A. C. Mystery of Matter and Energy........12m0, 1 00
Crocker, F. B. Electric Lighting. Two Volumes. 8vo.
Vol. I. The GeneratingPlant......................... 3 oo
Vol.II. Distributing Systems and Lamps..............
Crocker, F B., and Arendt, M. Electric Motors........... 8vo, *2 50
——and Wheeler, S. S. The Management of Electrical Ma-
chinery.......... vovvevnens cunnn e 12m0, *1 00
Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and
Its Applications. (Westminster Series.)........8v0, *2 oo
Crosskey, L. R. Elementary Perspective................. 8vo, 1 25
Crosskey, L. R., and Thaw, J. Advanced Perspective...... 8vo, I 50

Culley, J.L. Theory of Arches. (Science Series No.87.).16mo, o S0
Cushing, H. C,, Jr., and Harrison, N. Central Station Man-
agement ..............iiiiiiiiieieiiiii e *2 00

Dadourian, H. M. Analytical Mechanics........... «vv..8v0. *3 00
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Dana, R. T. Handbook of Construction Plant..iamo, leather, *s5 oo

—— Handbook of Construction Efficiency............... (In Press.)
Danby, A. Natural Rock Asphalts and Bitumens....... 8vo, *2 so
Davenport, C. The Book. (Westminster Series.)........ 8vo, *2 oo
Davey, N. The Gas Turbine................ccvevuunn.. 8vo, *4 oo
Davies, F. H.  Electric Power and Traction............. 8vo, *2 oo
—— Foundations and Machinery Fixing. (Installation Manuals

Series) ...........iiiiiiiiiinnn e, 16mo, *1 oo
Deerr, N. Sugar Came. ............covvievvveennnnnnns 8vo, 8 oo

Deite, C. Manual of Soapmaking. Trans. by S. T. King..4to, *5 oo
De la Coux, H. The Industrial Uses of Water. Trans. by A.

Morris. ... e 8vo, *4 s0
Del Mar, W. A. Electric Power Conductors.............. 8vo, *2 oo
Denny, G. A. Deep-Level Mines of the Rand............. 4to, *10 00
—— Diamond Drilling for Gold........................... *5 00
De Roos, J. D. C. Linkages. (Science Series No. 47.)...16mo, o S50
Derr, W. L. Block Signal Operation........... Oblong 12mo, *1 50
—— Maintenance of Way Engineering............. (In Preparation.)
Desaint, A. Three Hundred Shades and How to Mix Them.
8vo, 8 oo

De Varona, A. Sewer Gases. (Science Series No. 55.)...16mo, 0 50
Devey, R. G. Mill and Factory Wiring. (Installation Manuals ~

Series.). . ... oot e e 12mo, *I 00

Dibdin, W. J. Purification of Sewage and Water..... 8vo, 6 50

Dichman, C. Basic Open-Hearth Steel Process. . ....... 8vo, *3 50
Dieterich, K. Analysis of Resins, Balsams, and Gum Resins

8vo, *3 oo

Dilworth, E, C. Steel Railway Bridges................ 4to, *4 oo

Dinger, Lieut. H. C., Care and Operation of Naval Machinery
12mo. *2 oo
Dixon, D.B. Machinist’s and Steam Engineer’s Practical Cal-

culator........ ... ... ... iiiiieaiL. 16mo, mor.,, 1 25
Dodge, G. F. Diagrams for Designing Reinforced Concrete

Structures ........... ... it folio, *4 oo
Dommett, W, E. Motor Car Mechanism.............. 12mo, *1 50

Dorr, B. F. The Surveyor’s Guide and Pocket Table-book.
16mo, mor., 2 oo
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Draper, C. H. Elementary Text-book of Light, Heat and
Sound..... ..ol e 12mo, I 00
Draper, C. H.  Heat and the Principles of Thermo-dynamics,

12mo, 2 00

Dron, R. W. Mining Formulas....................... 12mo, I 00
Dubbel, H. High Power Gas Engines.................. 8vo, *5 oo
Dumesny, P., and Noyer, J. Wood Products, Distillates, and
Extracts......oovveciin i i it it eiaaaane .8vo, *4 50
Juncan, W. G., and Penman, D. The Electrical Equipment of
Collieries..... .....ccoiiieiiiiioinninnaann. 8vo, *4 oo
Dunkley, W. G. Design of Machine Elements...... 2 vols.

12mo, each, *1 so0
Dunstan, A. E, and Thole, F. B. T. Textbook of Practical

Chemistry...........c.ovviiiieiinnennnn. 12mo, *1 40
Durham, H. W, Saws.............coiiiiiiiininnnnnne. 8vo, 2 50
Duthie, A. L. Decorative Glass Processes. (Westminster

17 ¢ 11 IR 8vo, *2 oo
Dwight, H. B. Transmission Line Formulas............ 8vo *2 oo
Dyson, S. S. Practical Testing of Raw Materials.......... 8vo, *s5 oo
——and Clarkson, S. S. Chemical Works..............8v0, *7 s5¢

Eccles, W. H. Wireless Telegraphy and Telephony..12mo, *4 50
Eck, J. Light, Radiation and Illumination. Trans. by Paul

Hogner .........coiiiiiiiiiiiiiiiiiiiiiennen 8vo, *2 50
Eddy, H. T. Maximum Stresses under Concentrated Loads,
8vo, 1 50

Eddy, L. C. Laboratory Manual of Alternating Currents,
12mo, O 50
Edelman, P. Inventions and Patents...... [P 12mo0  *1 50
Edgcumbe, K. Industrial Electrical Measuring Instruments.
8vo, (In Press.)
Edler, R. Switches and Switchgear. Trans. by Ph. Laubach.

8vo, *4 oo
Eissler, M. The Metallurgy of Gold..................... 8vo, 7 s0
—— The Metallurgy of Silver.......................... 8vo, 4 oo
—— The Metallurgy of Argentiferous Lead............... 8vo, 5 oo
—— A Handbook of Modern Explosives................. 8vo, 5 oo

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams
folio, *3 oo
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Electric Light Carbons, Manufacture of................ 8vo, 1 00
Eliot, C. W., and Storer, F. H. Compendious Manual of Qualita-

tive Chemical Analysis....................... 12mo, *1 25
Ellis, C. Hydrogenation of Oils.................. 8vo, (In Press.)
Ellis, G. Modern Technical Drawing................... 8vo, *2 oo
Ennis, Wm. D. Linseed Oil and Other Seed Oils ......... 8vo, *4 oo
—— Applied Thermodynamics. .......... et 8vo, *4 s0
—— Flying Machines To-day.. . ... eereeerereeeaeans 12mo, *1 50
~—— Vapors for Heat Engines. ...................... 12mo, *1 oo
Ermen, W. F. A, Materials Used in Sizing........... 8vo, *2 oo
Erwin, M. The Universe and the Atom........... ..12m0, *2 o0
Evans, C. A, Macadamized Roads....................... (In Press.)
Ewing, A. J. Magnetic Induction inIron................ 8vo, *4 oo
Fairie, J. Noteson Lead Ores........................ 12mo, *I 00
—— Notes on Pottery Clays.......................... 12mo, *I1 50
Fairley, W., and Andre, Geo. J. Vertilation of Coal Mines,

(Science Series No.58.)...................... 16mo, o 50
Fairweather, W. C. Foreign and Colonial Patent Laws ...8vo, *3 oo
Falk, M. S. Cement Mortars and Concretes............. 8vo, *2 50
Fanning, J. T. Hydraulic and Water-supply Engineering.8vo, *5 oo
Fay, I. W. The Coal-tar Colors................covunn. 8vo, *4 oo
Fernbach, R. L. Glue and Gelatine..................... 8vo, *3 oo
Firth, J. B. Practical Physical Chemistry......... ..12m0, *I 00 -
Fischer, E. The Preparation of Organic Compounds. Trans.

by R. V. Stanford.............coovivennnnnnn 12mo, *I1 25

Fish, J. C. L. Lettering of Working Drawings. .. .Oblong 8vo, 1 00

——Mathematics of the Paper Location of a Railroad,
12mo, paper, *o 25

Fisher, H. K. C., and Darby, W. C, Submarine Cable Testing.

8vo, *3 50
Fleischmann, W. The Book of the Dairy. Trans. by C. M.

Aikman........ ... ittt 8vo, 4 oo
Fleming, J. A. The Alternate-current Transformer. Two
Volumes........coooiiiiiiiiiiininnenannnnn. 8vo,

Vol. 1. The Induction of Electric Currents.............. *s 00

Vol. II. The Utilization of Induced Currents............ *s oo
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Fleming, J. A. Propagation of Electric Currents.. .... 8vo, *3 00
—— A Handbook for the Electrical Laboratory and Testing

Room. Two Volumes................... 8vo, each, *s5 oo
Fleury, P. Preparation and Uses of White Zinc Paints..8vo, *2 50
Flynn, P. J. Flow of Water. (Science Series No. 84.).12mo, o 50 °

—Hydraulic Tables, (Science Senes No. 66.)...... 16mo, o 50
Forgie, J. Shield Tunneling....................... 8vo. (In Press.)
Foster, H. A. Electrical Engineers’ Pocket-book. (Seventh
Editton.)....coveeeeeeaeneaaanaaannn 12mo, leather, 5 o0
~— Engineering Valuation of Public Utilities and Factories,
8vo, *3 oo
—— Handbook of Electrical Cost Data............8v0. (In Press)

Fowle, F. F. Overhead Transmission Line Crossings....12mo, *I 50

——— The Solution of Alternating Current Problems...... 8vo (In Press.)

Fox, W.G. Transition Curves. (Science Series No. 110.).16mo, o 50
Fox, W., and Thomas, C. W. Practical Course in Mechanical

Drawing.........ccoviiiiiiiinniinannnnnn 12mo, I 23

Foye, J.C. Chemical Problems. (Science Series No. 69.).16mo, o 50
—— Handbook of Mineralogy. (Science Series No. 86.).

16mo, o 50

Fraacis, J. B. Lowell Hydraulic Experiments............ 4to, 15 00
Franzen, H. Exercises in Gas Analysis............... 12mo, *1 oo
Freudemacher, P. W. Electrical Mining Installations. (In-

stallation Manuals Series.). ................. 12mo, *I1 oo
Frith, J. Alternating Current Design.................. 8vo, *2 oo
Fritsch, J. Manufacture of Chemical Manures. Trans. by

D.Grant. .. ....covviriiiniiinnernnneeaninnns 8vo, *4 oo
Frye, A. 1. Civil Engineers’ Pocket-book....... 12mo, leather, *s5 oo
Fuller, G. W. Investigations into the Purification of the Ohio

RiIVEL. . o iiieeiieececaeceacascanraanannana 4to, *10 00O
Furnell, J. Paints, Colors, Oils, and Varnishes........... 8vo, *I 00
Gairdner, J. W.I. Earthwork...................... 8vo (In Press.)
Gant, L. W. Elements of Electric Traction.............. 8vo, *2 50

Garcia, A. J. R. V. Spanish-English Railway Terms....8vo, *4 50
Gardner, H. A. Paint Researches and Their Practical
Application ... 8vo, *5 00
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Garforth, W. E. Rules for Recovering Coal Mines after Explo-

sions and Fires...................... 12mo, leather, 1 50
Garrard, C. C. Electric Switch and Controlling Gear....8vo, *6 oo
Gaudard, J. Foundations. (Science Series No. 34.)..... 16mo, o 50
Gear, H. B., and Williams, P, F. Electric Central Station Dis-

’ tributing Systems................ciiiiii.., 8vo, 3 oo
Geerligs, H. C. P. Cane Sugar and Its Manufacture ... .. .. 8vo, *s5 00
Geikie, J. Structural and Field Geology................. 8vo, *4 oo
—— Mountains, Their Origin, Growth and Decay....... 8vo, *4 oo
—— The Antiquity of Man in Europe..........cc...... 8vo, *3 oo
Georgi, F.,, and Schubert, A. Sheet Metal Working. Trans.

by C. Salter.............coiiiiiiiiiiiinnnn. 8vo, 3 oo
Gerhard, W. P. Sanitation, Water-supply and Sewage Dis-
posal of Country Houses...................... 12mo, *2 oo
—— Gas Lighting, (Science Series No. 111.)........... 16mo, o 50
Gerhard, W. P. Household Wastes. (Science Series No. 97.)
16mo, o0 50
——House Drainage, (Science Series No. 63.)......... 16mo o 50
—— Sanitary Drainage of Buildings. (Science Series No. 93.)
16mo, o 50
Gerhardi, C. W. H. Electricity Meters.. .............. 8vo, *4 oo
Geschwind, L. Manufacture of Alum and Sulphates. Trans.
byC.Salter................ccoiiiiiniinnnnn. 8vo, *s 00
Gibbings, A. H. 0il Fuel Equipment for Locomotives...8vo, *2 50
Gibbs, W. E. Lighting by Acetylene................. 12mo, *1 50
Gibson, A. H. Hydraulics and Its Application........... 8vo, *5 00
—— Water Hammer in Hydraulic Pipe Lines. ......... 12mo, *2 oo
Gibson, A, H., and Ritchie, E. G. Circular Arc Bow Girder.4to, *3 s0

_Gilbreth, F. B, Motion Study........................ 12mo, *2 oo
——Bricklaying System..............c.ooiiiiiiil, 8vo, *3 oo
——PField System................ooiiiiin 12mo, leather, *3 oo
——— Primer of Scientific Management..... e 12mo, *1 oo
Gillette, H. P, Handbook of Cost Data....... 12mo, leather, *s5 oo
——TRock Excavation Methods and Cost..... 12mo, leather, *s5 oo
—— Handbook of Earth Excavation.................... (In Press.)
——Handbook of Tunnels and Shafts, Cost and Methods

of Comstruction...........covvveiiinreennnann, (In Press.)

—— Handbook of Road Construction, Methods and Cost..(In Press.)



D. VAN NOSTRAND COMPANY’S SHORT-TITLE CATALOG 17

‘Gillette, H. P.,, and Dana, R. T. Cost Keeping and Manage-

ment Engineering ................ . 0iiiiiin, 8vo, *3 50
——and Hill, C. S. Concrete Construction, Methods and
CoSt ... e e e 8vo, *5 oo

Gillmore, Gen. Q. A. Roads, Streets, and Pavements...12mo, 1 25
Godfrey, E. Tables for Structural Engineers. .16mo, leather, *2 so
Golding, H. A The Theta-Phi Diagram.............. 12mo, *r 25
Goldschmidt, R. Alternating Current Commutator Motor.8vo, *3 oo

Goodchild, W. Precious Stones. (Westminster Series.).8vo, *2 oo
Goodeve, T. M. Textbook on the Steam-engine. .. ... 12mo, 2 00
Gore, G. - Electrolytic Separation of Metals............. 8vo, *3 50
Gould, E. S. Arithmetic of the Steam-engine. . ....... 12mo, I 00
—— Calculus. (Science Series No. 112.) . ............ 16mo, o 50
—— High Masonry Dams. (Science Series No. 22.)...16mo, o 50
—— Practical Hydrostatics and Hydrostatic Formulas. (Science

Series No. I17.)......civuniiiiniiinnnnnnnnn. 16mo, o 50
Gratacap, L. P. A Popular Guide to Minerals........... 8vo, *3 oo
Gray, J. Electrical Influence Machines............... 12mo, 2 00
Gray, J. Marine Boiler Design ...... .............. 12mo, *1 25
Greenhill, G. Dynamics of Mechanical Flight. .......... 8vo. *2 50
Gregorius, R, Mineral Waxes. Trans. by C. Salter...12mo, *3 oo
Grierson, R. Modern Methods of Ventilation............ 8vo, 3 00
Griffiths, A. B. A Treatise on Manures............... 12mo, 3 00
Griffiths, A. B. Dental Metallurgy ..................... 8vo, *3 50
Gross, E. HOPS......oovmmiman i 8vo, *4 50
Grossman, J. Ammonia and its Compounds............ 12mo, *1 25
Groth, L. A. Welding and Cutting Metals by Gases or Electric-

ity. (Westminster Series.).................... 8vo, *2 0o
Grover, F. Modern Gas and Oil Engines........_....... 8vo, *2 oo
Gruner, A. Power-loom Weaving...................... 8vo, *3 oo

Glildner, Hugo. Internal-Combustion Engines. Trans. by
H. Diedrichs............. e 4to, 15 00
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Gunther, C. 0. Integration............................. 8vo, *1 25 )
Gurden, R. L. Traverse Tables.............. folio, half mor., *7 so
Guy, A. E. Experiments on the Flexure of Beams......... 8vo, *1 25

Haenig, A, Emery and the Emery Industry........... 8vo, *2 50
Hainbach, R, Pottery Decoration. Trans. by C. Salter.iamo, *3 oo
Hale, W. J. Calculations of General Chemistry.........12mo, *I1 oo
Hall, C. H. Chemistry of Paints and Paint Vehicles.....12mo, *2 oo
Hall, G. L. Elementary Theory of Alternate Current Work-

5T 8vo, *1 50

Hall, R. H. Governors and Governing Mechanism. . . ... 12mo, *2 oo
Hall, W. S. Elements of the Differential and Integral Calculus

8vo, *2 23

—— Descriptive Geometry.......... 8vo volume and 4to atlas, *3 50

Haller, G. F., and Cunningham, E. T. The Tesla Coil. .... 12mo, *I 25

Halsey, F. A. Slide Valve Gears...................... 12mo, I 50

——The Use of the Slide Rule. (Science Series No. 114.)

16mo, o 50
—— Worm and Spiral Gearing. (Science Series No. 116.)

16mo, o 50
Hancock, H. Textbook of Mechanics and Hydrostatics.....8vo, 1 50
Hancock, W. C. Refractory Materials. (Metallurgy Series.(/n Press.)

Hardy, E. Elementary Principles of Graphic Statics..... 12mo, *1 50
Haring, H. Engineering Law,

Vol. I. Law of Contract.............cocovnenunnn. 8vo, *4 oo
Harper, J. H. Hydraulic Tables on the Flow of Water.16mo, *2 oo
Harris, S. M. Practical Topographical Surveying. ....... (In Press.)
Harrison, W. B. The Mechanics’ Tool-book............ 12mo, I 50
Hart, J. W. External Plumbing Work.................. 8vo, *3 oo
—— Hints to Plumbers on Joint Wiping.................8v0, *3 oo
~—— Principles of Hot Water Supply..... P, 8vo, *3 oo
—— Sanitary Plumbing and Drainage.................. 8vo, *3 oo
Haskins, C. H. The Galvanometer and Its Uses.........16mo, I 50
Hatt, J. A, H. The Colorist.................... square 12mo, *1 50
Hausbrand, E. Drying by Means of Air and Steam. Trans.

by A.C. Wright. . .......................... 12mo, *2 oo

—— Evaporating, Condensing andCooling Apparatus. Trans.
by A.C. Wright.......... ... .. ...t 8vo, *5 oo
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Hausmann, E. Telegraph Engineering................. 8vo, *3 oo
Hausner, A. Manufacture of Preserved Foods and Sweetmeats.
Trans. by A. Morris and H. Robson. . .:......... 8vo, *3 oo
Hawkesworth, . Graphical Handbook for Reinforced Concrete
Design............ ... . i, 4to, *2 50
Hay, A. Continuous Current Engineering.............. 8vo, *2 50
Hayes, H V Public Utilities, Their Cost New and Deprecia-
.......................................... 8vo, *2 0o
—_ Pubhc Utlhtxes, Their Fair Present Value and Return,
8vo, *2 oo
Heath, F. H. Chemistry of Photography.......... 8vo (/n Press.)
Heather, H. J. S. Electrical Engineering. . .........., 8vo, *3 s0
Heaviside, 0. Electromagnetic Theory.
Vols. T and II.............c0viiiiiiinennnn.. 8vo, each, *s oo
£+ D 1 5 8vo, *7 s0
Heck, R. C. H. Steam Engine and Turbine............ 8vo, *3 s0
—— Steam-Engine and Other Steam Motors. Two Volumes.
Vol. 1. Thermodynamics and the Mechanics........ 8vo, *3 50
Vol. II. Form, Construction and Working...........8vo, *s oo
—— Notes on Elementary Kinematics............8vo, boards, *1 oo
—— Graphics of Machine Forces.................8vo, boards, *1 o0

Heermann, P. Dyers’ Materials. Trans. by A. C. Wright.

12mo, *1 50
Heidenreich, E. L. Engineers’ Pocketbook of Reinforced

Concrete .............coiiiiniiininnnn 16mo, leather, *3 oo

Hellot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and
Cotton...............0iiiiiiiiiiiinenninn.. 8vo, *2 oo
Henrici, O. Skeleton Structures........................ 8vo, I 50

Hering, C., and Getmann, F. H. Standard Tables of Electro-
chemical Equivalents...................... ....... *2 00

Hering, D. W. Essentials of Physics for College Students.
8vo, *1 75

Hering-Shaw, A. Domestic Sanitation and Plumbmg Two
Vols........ .viviinnnnn.. ..8vo, *s oo
——Elementary Sciemce...................ciiiiiiiinn. 8vo, *2 oo
Herington, C. F. Powdered Coal as a Fuel........... (In Press.)

Hermann, G. The Graphical Statics of Mechanism. Trans.
by A.P.Smith.......................... “...I12m0, 2 00

Herzfeld, J. Testing of Yarns and Textile Fabrics........ 8vo, *3 s0
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Hildebrandt, A. Airships, Past and Present.............. 8vo, *3 so
Hildenbrand, B. W. Cable-Making. (Science Series No. 32.)
16mo, o0 50°

Hilditch, T. P. Concise History of Chemistry........12mo, *1 25
Hill, C. S. Concrete Inspection....................... 16mo, *1r oo
Hill, C. W. Laboratory Manual and Notes in Beginning
Chemistry ....c.oveveiviiiennneronnennennnnn (In Press.)
Hill, J. W. The Purification of Public Water Supphes. New
Edition.. . .. .. ..(In Press.)
—_— Interpretatlon of Water Analysls e .(In Press.)
Hill, M. J. M. The Theory of Proportxon ............. . .avo, *2 50

Hiroi, I. Plate Girder Construction. (Science Series No. 9s.)
) 16mo, o S0

—— Statically-Indeterminate Stresses.................. 12mo, *2 oo
Hirshfeld, C. F. Engineering Thermodynamics. (Science

Series NO. 45)...ceuereiiiiiinniennnannnn 16mo, o 50
Hoar, A. The Submarine Torpedo Boat............... 12mo, *2 oo
Hobart, H. M. Heavy Electrical Engineering............. 8vo, *4 50
——Design of Static Transformers................... 12mo, *2 oo
——Electricity. . ........... . ... 8vo, *2 oo
—— Electric Trains............... ... ... i 8vo, *2 50
—— Electric Propulsion of Ships........................ 8vo, *2 50

Hobart, J. F. Hard Soldering, Soft Soldering, and Brazing.
12mo, *1 oo
Hobbs, W. R. P. The Arithmetic of Electrical Measurements

12mo, O 50

Hoff, J. N. Paint and Varnish Facts and Formulas. . . .. 12mo, *I 50
Hole, W. The Distribution of Gas...................... 8vo, *7 50
Holley, A. L. Railway Practice....................... folio, 6 oo
Hopkins, N. M. Model Engines and Small Boats......12mo, 1 25
Hopkinson, J., Shoolbred, J. N., and Dey, R. E. Dynamic
Electricity. (Science Series No. 71.)...........16mo, o 50
Horner, J. Practical Ironfounding..................... 8vo, *2 oo
—— Gear Cutting, in Theory and Practice............. 8vo, *3 oo

Houghton, C. E. The Elements of Mechanics of Materials. 12mo, *2 oo
Houstoun, R. A. Studies in Light Production..........12mo0, 2 oo
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Hovenden, F. Practical Mathematics for Young Engineers,
12mo, *1 50

Howe, G. Mathematics for the Practical Man.......... 12mo, *I 25
Howorth, J. Repairing and Riveting Glass, China and Earthen-

WATC. o eevee ettt it "..8vo, paper, *o 50
Hoyt, W. F. Chemistry by Experimentation.......... 12mo, *o 70
Hubbard, E. The Utilization of Wood-waste.......... 8vo, *2 oo

Hubner, J. Bleaching and Dyeing of Vegetable and Fibrous
Materials. (Outlines of Industrial Chemistry.).8vo, *s oo

Hudson, O. F. Iron and Steel. (Outlines of Industrial

Chemistry.) .............ciiiiiiiiniinnn. 8vo, *2 oo

Humphrey, J. C. W. Metallography of Strain. (Metallurgy
Series) ....iieiiiiiiiiiiiiiiiiie e, (In Press.)

Humphreys, A. C. The Business Features of Engineering
Practice ........coviiiiiiiiiiiiiiiiiiiiieeen, 8vo, *1 25
Hunter, A. Bridge Work...................... ...8v0 (In Press.)
Hurst, G. H. Handbook of the Theory of Color.......... 8vo, *2 50
—— Dictionary of Chemicals and Raw Products........8v0, *4 50
—— Lubricating Oils, Fats and Greases................ 8vo, *4 oo
0B, L e 8vo, *s5 00

Hurst, G. H.,, and Simmons, W. H. Textile Soaps and Oils,
8vo, 3 oo

Hurst, H. E., and Lattey, R. T. Text-book of Physics..... 8vo, *3 oo
—— Also published in Three Parts:

Vol. I. Dynamics and Heat........................ *1 25
Vol. II. Sound and Light............................ *1 25
Vol. III. Magnetism and Electricity................... *1 50
Hutchinson, R. W., Jr. Long Distance Electric Power Trans-
mission........... .. ... . i 12mo, *3 oo
Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in
Mining ......coviiiiiii i i (In Press.)
Hutchinson, W. B. Patents and How to Make Money Out of
Them ....uvvvinnnnniorennnnneeeannencnonnns 12m0, I 00
Hutton, W. S. The Works’ Manager’s Handbook. . ... ... 8vo, 6 oo

Hyde, E. W. Skew Arches. (Science Series No. 15.)....16mo, o 50
Hyde, F. S. Solvents, Oils, Gums and Waxes......... 8vo, *z oo
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Induction Coils. (Science Series No. 83.)............... 16mo, o S50
Ingham, A. E. Gearing. A practical treatise....... ....8v0, *2 50
[ngle, H. Manual of Agricultural Chemistry. .......... 8vo, *3 oo
[nness, C. H. Problems in Machine Design.............12m0, *2 oo
~— Air Compressors and Blowing Engines.............. 12mo, *2 oo
—— Centrifugal Pumps...... ettt vees..12m0, *a 00
——TheFan................ ... .. iiiiiininnn, 12mo, *2 oo
Jacob, A., and Gould, E. S. On the Designing and Construction _
of Storage Reservoirs. (Science Series No. 6.). .16mo, o0 50
Jannettaz, E. Guide to the Determination of Rocks. Trans.
by G. W. Plympton.......................... 12mo, I 50
Jehl, F. Manufacture of Carbons. . .................... 8vo, *4 oo
Jennings, A. S. Commercial Paints and Painting. (West-
minster Series.) ..............cciiiiiiieieens 8vo, *2 0o
Jennison, F. H. The Manufacture of Lake Pigments . ....8vo, *3 0o
Jepson, G. Cams and the Principles of their Construction...8vo, *1 50
—— Mechanical Drawing...................... 8vo (In Preparation.)
Jervis-Smith, F. J. Dynamometers..................... 8vo, *3 so
Jockin, W. Arithmetic of the Gold and Silversmith.... 12mo, *I oo
Johnson, J. H. Arc Lamps and Accessory Apparatus. (In-
stallation Manuals Series.)................... 12mo, *o 75
Johnson, T. M. Ship Wiring and Fitting. (Installation
Manuals Series.) ..................... eeeeas 12mo, *o 75
Johnson, W. McA. The Metallurgy of Nickel......... (In Preparation.)
Johnston, J. F. W., and Cameron, C. Elements of Agricultural
Chemistry and Geology...................... 12mo, 2 6o
Joly, J. Radioactivity and Geology................... 12mo, *3 0o
Jones, H. C. Electrical Nature of Matter and Radioactivity
12mo, *2 oo
——Nature of Solution..................cooiviiviinn, 8vo, *3 50
——New Era in Chemistry...............cooviuvn... 12mo, *2 oo
Jones, J. H. Tinplate Industry........................ 8vo, *3 oo
Jones, M. W. Testing Raw Materials Used in Paint.....12mo, *2 oo
Jordan, L. C. Practical Railway Spiral...... 12mo, Leather, *1 s0
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ing...... . .. e 8vo, 2 o0
Jiptner, H. F. V. Siderology: The Science of Iron........8vo, *5 oo

Kapp, G. Alternate Current Machinery. (Science Series No.
96.). o e 16mo, o 50
Kapper, F. Overhead Transmission Lines.............. 4to, *4 oo
Keim, A, W, Prevention of Dampness in Buildings......8vo, *2 oo
Keller, S. S. Mathematics for Engineering Students.
12mo, half leather,
——and Knox, W. E. Analytical Geometry and Calculus.. *2 oo
Kelsey, W. R. Continuous-current Dynamos and Motors.

8vo, *2 so

Kemble, W. T., and Underhill, C. R. The Periodic Law and the
Hydrogen Spectrum.................... 8vo, paper, *o 50
Kemp, J. F. Handbook of Rocks.......................8v0o, *I 50
Kendall, E. Twelve Figure Cipher Code................. 4to, *12 50

Kennedy, A. B. W., and Thurston, R. H. Kinematics of

Machinery. (Science Series No. 54.)........... 16mo, o 50

Kennedy, A.B. W., Unwin, W. C., and Idell, F. E. Compressed
Air. (Science Series No. 106.)................ 16mo, o S0
Kennedy, R. Electrical Installations. Five Volumes......4t0, 15 oo
Single Volumes.................................. each, 3 so
—— Flying Machines; Practice and Design.............12mo, *2 oo
—— Principles of Aeroplane Construction............... 8vo, *1 50
Kennelly, A. E. Electro-dynamic Machinery.............8vo, 1 50

Kent, W. Strength of Materials. (Science Series No. 41.).16mo,
Kershaw, J. B. C. Fuel, Water and Gas Analysis.. ......8vo, *2 s0
—— Electrometallurgy. (Westminster Series.)...........8vo, *2 oo
—— The Electric Furnace in Iron and Steel Production..12mo, *1 so

—— Electro-Thermal Methods of Iron and Steel Production,
8vo, *3 oo
Kindelan, J. Trackman’s Helper...................... 12mo, 2 0o

(-]
wn
o
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Kinzbrunner, C. Alternate Current Windings............ 8vo,
—— Continuous Current Armatures.....................8vo,
—— Testing of Alternating Current Machines............ 8vo,
Kirkaldy, A. W.,, and Evans, A. D. History and Economics

of Tramsport..........covvviiiiiiniinninnnnnns 8vo,
Kirkaldy., W. G. David Kirkaldy’s System of Mechanical

Testing...........cc it 4to,
Kirkbride. J. Engraving for Illustration.................8vo,
Kirkham, J. E. Structural Engineering................. 8vo,
Kirkwood, J. P. Filtration of River Waters.............. 4to,
Kirschke, A. Gas and Oil Engines.. ...... ..... ...12mo.
Klein, J. F. Design of a High speed Steam-engine.. ....8vo,
—— Physical Significance of Entropy. ...... .......... 8vo,

Klingenberg, G. Large Electric Power Stationms.........4to,
Knight, R.-Adm. A, M. Modern Seamanship...........8vo,

Knott, C. G., and Mackay, J. S, Practical Mathematics. . .8vo, -

Knox, G. D. Spirit of the Soil....................... 12mo,
Knox, J. Physico-chemical Calculations............... 12mo.
——Fixation of Atmospheric Nitrogen, (Chemical Mono-

graphs.) ... ... i 12m",
Koester, F. Steam-Electric Power Plants......... v oe o 4to,
—— Hydroelectric Developments and Engineering......... 4to,
Koller, T. The Utilization of Waste Products..........8v0,
——Cosmetics. .................. Ll 8vo,
Koppe, S. W. Glycerine................covviieiinians 12mo,

Kozmin, P. A. Flour Milling. Trans. by M. Falkner.. .8vo,

*1 50
*1I 50
*2 00

*300

10 00
*1 50
*s 00
7 50
*1 25
*5 00
*y 50
*5 00
*6 50
2 oo
*1 25
*1 25

075
*5 00
ts oo
#3 00
*2 50
*2 50

(In Press.)

Kremann, R. Application of Physico Chemical Theory to
- Technical Processes and Manufacturing Methods.

Trans. by H. E. Potts......................... 8vo,
Kretchmar, K. Yarn and Warp Sizing................8v0,
Lallier, E. V. Elementary Manual of the Steam Engine.

12mo,
Lambert, T. Lead and its Compounds...................8vo,

—-— Bone Products and Manures......... e 8vo,

*4 00

*2 00

*3 50
*3 o0
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Lamborn, L. L. Cottonseed Products................... 8vo, *3 oo

——Modern Soaps, Candles, and Glycerin............... 8vo, *7 50

Lamprecht, R. Recovery Work After Pit Fires. Trans. by
C.Salter ........coovniiiiiiiiiiiiiiiie i, 8vo, *4 oo

Lancaster, M. Electric Cooking, Heating and Cleaning..8vo, *1 oo
Lanchester, F. W. Aerial Flight. Two Volumes. 8vo.

Vol. I. Aerodynamics .............c.cvvvirennennnnennns *6 00
Vol.II. Acrodonetics ............ccovvviviiinnnninnnn, *6 oo
——The Flying Machine....................coovvnnaen. 8vo, *3 oo
Lange, K. R. By-Products of Coal-Gas Manufacture..12mo, 2 oo
Larner, E. T. Principles of Alternating Currents....... 12mo, *1 25

La Rue,B.F. Swing Bridges. (Science Series No. 107.).16mo, o s0
Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans. by M.
M, Pattison Muir... .. _..................... 12mo, *2 oo
Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent
) Electric Lighting. (Science Series No. 57.).... .16mo, o 50
Latta, M. N. Handbook of American Gas-Engineering Practice.
8vo, *4 50
—— American Producer Gas Practice ................... 4to, *6 oo
Laws, B. C. Stability and Equilibrium of Floating Bodies.8vo, *3 50
Lawson, W. R. British Railways, a Financial and Commer-

cial SUIvey ........cciiiiiiiiiiiiiiiiiaaes 8vo, 2 00
Leask, A. R. BreakdownsatSea..................... 12mo, 2 00
—— Refrigerating Machinery........................ 12mo, 2 00

Lecky, S. T. S. “Wrinkles” in Practical Navigation....8vo, *10 oo
Le Doux, M. Ice-Making Machines. (Science Series No. 46.)

16mo, o 50
Leeds, C. C. Mechanical Drawing for Trade Schools.oblong 4to, *2 oo
—— Mechanical Drawing for High and Vocational Schools,

4to, *1 25
Lefévre, L. Architectural Pottery. Trans. by H. K. Bird and )
W.M.Binns................00iiivinniennnn. 4to, *7 50

Lehner, S. Ink Manufacture. Trans. by A. Morris and H
Robson...............cciiiiiiiiiii., 8vo *2 s0

Lemstrom, S. Electricity in Agriculture and Horticulture, .8vo, *1 50
Letts, E. A. Fundamental Problems in Chemistry...... 8vo, *2 oo
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Le Van, W. B. Steam-Engine Indicator. (Science Series No.

L 25 S 16mo,
Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.)

o 50

8vo, *2 oo

Livermore, V. P., and Williams, J. HoOw to Become a Com-

——— Carbonization of Coal....................cccovuenn. 8vo, *3 oo
Lewis Automatic Machine Rifle ; Operation of........... 16mo, *o 6o
Lewis, L. P. Railway Signal Engineering............. 8vo, *3 50
Licks, H. E, Recreations in Mathematics............. 12mo, I 35
Lieber, B. F. Lieber’s Five Letter Standard Telegraphic Code,
8vo, *10 00
————Spanish Edition .....................000iel, 8vo, *10 00
————French Edition .............................. 8vo, *10 00
——Terminal Index ................ciciieiiinnnnnnnn. 8vo, *2 50
——Lieber's Appendix ..................iiiiiiiiian.. folio, *15 oo
—— ——Handy Tables ...........c.coiuiiiiiiinnnnnnns 4to, *2 50
——Bankers and Stockbrokers’ Code and Merchants and
Shippers’ Blank Tables ........................ 8vo, *15 00
Lieber, B. F. 100,000,000 Combination Code.... .. .. ..8vo, *10 00
——Engineering Code. .............cooviiiiiiiiiinn, 8vo, *12 50

petent Motorman e eeuv oo oo, 12mo, *I oo

*2 25

—— Mechanical Design and Construction of Generators...8vo, *3 50

Lloyd, S. L. Fertilizer Materials....................... (In Press.)
Lobben, P. Machinists’ and Draftsmen’s Handbook...... 8vo, 2 50
Lockwood, T. D. Electricity, Magnetism, and Electro-teleg-
raphy........ .. . e 8vo, 2 50
—— Electrical Measurement and the Galvanometer....12mo, o0 75
Lodge, O. J. Elementary Mechanics.................. 12mo, I 50
—— Signalling Across Space without Wires.............. 8vo, *2 o0
Loewenstein, L. C., and Crissey, C. P. Centrifugal Pumps.. *4 50
Lomax, J. W. Cotton Spinning....................... 12mo, I 50
Lord, R. T. Decorative and Fancy Fabrics.............. 8vo, *3 s0
Loring, A. E. A Handbook of the Electromagnetic Telegraph,
16mo, o 50
——Handbook. (Science Series No. 39)............. 16mo, o 50
Lovell, D, H. Practical Switchwork. Revised by Strong and
WHItney .......coovvviirienninnnnenesoensnsns (In Press.)
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Low, D. A, Applied Mechanics (Elementary)...,....16mo, o 80
Lubschez, B. J. Perspective........covvevveeennenn. 12mo, *I 50
Lucke, C. E. Gas Engine Design....................... 8vo, *3 oo
—— Power Plants: their Design, Efficiency, and Power Costs.

2 VOIS, L i (In Preparation.)
Luckiesh, M. Color and Its Application.......c....... 8vo, *3 oo
——Light and Shade and Their Applications.......... 8vo, *2 50

The two when purchased together...... eebeeeie e *5 00
Lunge, G. Coal-tar Ammonia. Three Parts............. 8vo, *20 0o
—— Manufacture of Sulphuric Acid and Alkali. Four Volumes.

’ 8vo,

Vol. I. Sulphuric Acid. In three parts..... eesesseceass ¥18 0O

Vol. I. Supplement.......... et eteteeeeeereeenernnn «es 500

Vol. II.  Salt Cake, Hydrochloric Acid and Leblanc Soda.

Intwoparts.......... ...t *15 00

Vol. III. AmmoniaSoda..............c.cvvvvievennnn. *10 00

Vol. IV. Electrolytic Methods..................... (In Press.)

—— Technical Chemists’ Handbook............12mo, leather, *3 50
—— Technical Methods of Chemical Analysis. Trans. by .
C. A. Keane.” In collaboration with the corps of

specialists.
VoL I. Intwoparts................... ......... 8vo, *15 00
VoLII. Intwoparts...................cvuvnnn.. 8vo, *18 o0
VoLIII. In two parts...........coovvnvivvnninnnn. 8vo, *18 oo
The set (3 vols.) complete......................... *50 00
—— Technical Gas Analysis.................ocivuiennen 8vo, *4 oo
Luquer, L. M. Minerals in Rock Sections............... 8vo, *I1 s0
Macewen, H. A. Food Inspection...................... 8vo, *2 50
Mackenzie, N. F. Notes on Irrigation Works............. 8vo, *2 50
Mackie, J. How to Make a Woolen Mill Pay............ 8vo, *2 oo
Maguire, Wm. R. Domestic Sanitary Drainage and Plumbing

8vo, 4 oo
Malcolm, C. W. Textbook on Graphic Statics..........8v0, *3 oo
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Malcolm, H. W. Submarine Telegraph Cable.......... (In Press.)
Mallet, A. Compound Engines. Trans. by R. R. Buel
" (Science Series No. 10.)...................... 16mo,
Mansfield, A. N. Electro-magnets. (Science Series No. 64)
16mo, o
Marks, E. C. R. Construction of Cranes and Lifting Machinery
12mo, *I
—— Construction and Working of Pumps.............. 12mo, *1
—— Manufacture of Iron and Steel Tubes..............12mo0, *2
—— Mechanical Engineering Materials.............. 12mo, *1
Marks, G. C. Hydraulic Power Engineering............. 8vo, 3
Inventions, Patents and Designs.................. 12mo, *r
Marlow, T.G. Drying Machinery and Practice........... 8vo, *5
Marsh, C. F. Concise Treatise on Reinforced Concrete....8vo, *2
Marsh, C. F. Reinforced Concrete Compression Member
Diagram Mounted on Cloth Boards................. *1
Marsh, C, F.,, and Dunn, W. Manual of Reinforced Concrete
and Concrete Block Construction.......... 16mo, mor., *2
Marshall, W.J., and Sankey, H. R. Gas Engines. (Westminster
Series.). ... i 8vo, *2
Martin, G. Triumphs and Wonders of Modern Chemistry.
8vo, *“2
—— Modern Chemistry and Its Wonders................ 8v<;, *2
Martin, N. Properties and Design of Reinforced Concrete,
12mo, *2
Martin, W. D. Hints to Engineers..... et 12mo, 1
Massie, W. W., and Underhill, C. R. Wireless Telegraphy and
Telephony..............coiiiiiiinnnns vun. 12mo, *I
Mathot, R. E. Internal Combustion Engines............ 8vo, *4
Maurice, W. Electric Blasting Apparatus and Explosives ..8vo, *3
Shot Firer’s Guide....... S 8vo, *r
Maxwell, J. C. Matter and Motion. (Science Series No. 36.)
16mo, o
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal
and Sanitary Engineering...................... 4to, *10
Mayer, A. M. Lecture Notes on Physics................ 8vo, 2
Mayer, C., and Slippy, J. C. Telephone Line Construction.8vo, *3

o]
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McCullough, E. Practical Surveying................. 12mo, *2 oo
—— Engineering Work in Cities and Townms........... 8vo, *3 oo
——Reinforced Concrete ................cciievenenenn 12mo, *1 50
McCullough, R. S. Mechanical Theory of Heat....... ....8v0, 3 50
McGibbon, W. C. Indicator Diagrams for Marine Engineers,

8vo, *3 oo
—— Marine Engineers’ Drawing Book............ oblong 4to, *2 s0
—— Marine Engineers’ Pocketbook............ 12mo, leather, *4 oo
McIntosh, J. G. Technology of Sugar................. 8vo, *s5 oo
—— Industrial Alcohol .. ............................ 8vo, *3 oo

—— Manufacture of Varnishes and Kindred Industries.
Three Volumes. 8vo.

Vol. I. 0il Crushing, Refining and Boiling.............. *3 50

Vol. II. Varnish Materials and Oil Varnish Making....... *4 00

Vol. ITI.  Spirit Varnishes and Materials............... *4 50
McKnight, J. D., and Brown, A. W. Marine Multitubular

BOilers. . vt *1 50
McMaster, J. B, Bridge and Tunnel Centres. (Science Series

No.20.).........ccvinnnn e 16mo, o 50

McMechen, F, L, Tests for Ores, Minerals and Metals.. .12mo, *I1 oo

McPherson, J. A, Water-works Distribution ............8vo, 2 50

Meade, A. Modern Gas Works Practice................. 8vo, *7 s0
Meade, R. K. Design and Equipment of Small Chemical
Laboratories ................ Geeseisioneasatins 8vo,

Melick, C. W. Dairy Laboratory Guide................12mo, *I 25

Mensch, L. J. Reinforced Concrete Pocket Book.16mo, leather *4 oo
Merck, E. Chemical Reagents: Their Purity and Tests.

Trans. by H, E. Schenck...................... 8vo, 1 oo
Merivale, J. H. Notes and Formulae for Mining Students,
12mo, I 50
Merritt, Wm. H. Field Testing for Gold and Silver.16mo, leather, 1 50
Mierzinski, S. Waterproofing of Fabrics. Trans. by A. Morris
and H. Robson.................. ..o ... 8vo, *2 50
Miessner, B, F. Radiodynamics...................... 12mo, *2 oo
Miller, G. A. Determinants. (Science Series No. 105.). . 16mo,
Miller, W. J. Historical Geology..................... 12mo, *2 oo
Mills, C. N. Elementary Mechanics for Engineers. .. .. 12mo, *1 oo

Milroy, M. E. W. Home Lace-making........... .. ... 12mo, *I1 oo
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Mitchell, C, A, Mineral and Aerated Waters............ 8vo,
——and Prideaux, R. M. Fibres Used in Textile and
Allied Industries. ...............cooiiiiiiian, 8vo,
Mitchell, C. F. and G. A. Building Construction and Draw-
g o e 12mo
Elementary Course,

Advanced Course,

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.)

8vo,
Monteverde, R. D. Vest Pocket Glossary of English-Spanish,
Spanish-English Technical Terms. . .. .. 64mo, leather,

Montgomery, J. H. Electric Wiring Specifications. .. .16mo,
Moore, E. C. S. New Tables for the Complete Solution of

Ganguillet and Kutter’s Formula............... 8vo,
Morecroft, J. H., and Hehre, F. W. Short Course in Electrical
Testing .......cooiiiiiiiiiiiiiiiiiiiiiienannns 8vo,
Morgan, A, P. Wireless Telegraph Apparatus for Amateurs,
12mo,

Moses, A. J. The Characters of Crystals................ 8vo,
——and Parsons, C. L. Elements of Mineralogy........ 8vo,
Moss, S. A. Elements of Gas Engine Design. (Science
Series NO. I21).......cviurinnrnnnennnnnnnnns 16mo,
——The Lay-out of Corliss Valve Gears. (Science Series
No. 119.) coviiiiiiiii i i 16mo,
Mulford, A. C. Boundaries and Landmarks.......... 12mo,

Mullin, J. P. Modern Moulding and Pattern-making. . . . 12mo,
Munby, A. E. Chemistry and Physics of Building Materials.

(Westminster Series.)......................... 8vo,
Murphy, J. G. Practical Mining...................... 16mo,
Murray, J. A. Soils and Manures. (Westminster Series.).8vo,
Nasmith, J. The Student’s Cotton Spinning..............8vo,
——Recent Cotton Mill Construction................. 12mo,
Neave, G. B., and Heilbron, I. M. Identification of Organic

Compounds. .. ..........cvivriviennnnnnn. 12mo,
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Neilson, R. M. Aeroplane Patents...................... 8vo,
Nerz, F. Searchlights. Trans. by C. Rodgers............8vo,
Neuberger, H., and Noalhat, H. Technology of Petroleum,

Trans. by J. G. McIntosh...................... 8vo,

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears . 8vo,
Newbiging, T. Handbook for Gas Engineers and Managers,
) ) 8vo,

Newell, F. H,, and Drayer, C. E. Engineering as a Career.
12m0, cloth,

paper,
Nicol, G. Ship Construction and Calculations.......... 8vo,
Nipher, F. E. - Theory of Magnetic Measurements. . . .. .. 12mo,
Nisbet, H. Grammar of Textile Design..................8vo,

Nolan, H. The Telescope. (Science Series No. s1.)..... 16mo,
North, H. B. Laboratory Experiments in General Chemistry
12mo,

Nugent, E. Treatise on Optics....................... 12mo,

O’Connor, H. The Gas Engineer’s Pocketbook. . . 12mo, leather,.

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Trans. by -

William Francis. (Science Series No. 102.). . ..16mo,
Olsen, J. C. Textbook of Quantitative Chemical Analysis. .8vo,

Olsson, A. Motor Control, in Turret Turning and Gun Elevating.

(U. S. Navy Electrical Series, No. 1.) . ...12mo, paper,

Ormsby, M. T. M. Surveying.............ccvvvvinenen 12mo,
Oudin, M. A. Standard Polyphase Apparatus and Systems . .8vo,
Owen, D. Recent Physical Research.................... 8vo,
Pakes, W. C. C., and Nankivell, A. T. The Science of Hygiene.
8vo,

Palaz, A. Industrial Photometry. Trans. by G. W. Patterson,
Jre 8vo,

Pamely, C. Colliery Manager’s Handbook............... 8vo,
Parker, P. A. M. The Control of Water...............8v0,
Parr, G. D. A. Electrical Engineering Measuring Instruments.
8vo,

Parry, E. J. Chemistry of Essential Oils and Artificial Per-
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Parry, E J. Foods and Drugs. Two Volumes........... 8vo,

Vol. I. Chemical and Microscopical Analysis of Food
and Drugs. ................. ... *7.50
Vol. II. Sale of Food and Drugs Acts. ................ *3 00
——and Coste, J. H. Chemistry of Pigments.......... 8vo, *4 50
Parry, L. Notes on Alloys....................ccovnnnn. 8vo, *3 oo
—— Metalliferous Wastes .................cccvvvvnnn.. 8vo, *2 oo
—— Analysis of Ashes and AlloyS............covuunnn. 8vo, *2 oo
Parry, L. A. Risk and Dangers of Various Occupations.....8vo, *3 oo
Parshall, H. F., and Hobart, H. M. Armature Windings ... .4to, *7 so
—— Electric Railway Engineering...................... 4to, *10 0O
Parsons, J. L. Land Drainage......................... .8vo, *1 50
Parsons, S. J. Malleable Cast Iron......... ......8vo, *2 50

Partington, J. R. Higher Mathematics for Chemncal Students
12mo, *2 00

—— Textbook of Thermodynamics.........c.c.uon..... 8vo, *4 oo
Passmore, A. C. Technical Terms Used in Architecture ...8vo, *3 50
Patchell, W. H. Electric Power in Mines.............. 8vo, *4 oo
Patersolt, G. W. L. Wiring Calculations.............. 12mo, *2 oo
—— Electric Mine Signalling Installations............ 12mo, *1 50
Patterson, D. The Color Printing of Carpet Yarns.. ..... 8vo, *3 50
-—— Color Matching on Textiles........................ 8vo, *3 oo
——Textile Color Mixing..........coovvveeeennneennnnn 8vo, *3 oo

Paulding, C. P. Condensation of Steam in Covered and Bare
Pipes. ... 8vo, *2 oo

—— Transmission of Heat Through Cold-storage Insulation
12mo, *1 oo
Payne, D. W. Founders’ Manual...................... 8vo, *4 oo
Peckham, S. F. Solid Bitumens....................... 8vo, *s5 oo
Peddie, R. A. Engineering and Metallurgical Books.. . .12mo, *I 50
Peirce, B. System of Analytic Mechanics.................4t0, 10 00
——Linnear Associative Algebra....................... 4to, 3 oo

Pendred, V. The Railway Locomotive. (Westminster Series.)

8vo, *2 oo
Perkin, F. M. Practical Method of Inorganic Chemistry. 12mo, *r oo
——and Jaggers, E. M. Elementary Chemistry...... 12mo, *1 oo
Perrin, J. Atoms................oiiiiiiiiiiiiiieeen, 8vo, *a2 50
Perrine, F. A.C. Conductors for Electrical Distribution. .. 8vo, *3 50
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Petit, G. White Lead and Zinc White Paints.............8vo, *I1 50
Petit, R. How to Build an Aeroplane. Trans. by T. O’B.
Hubbard, and J. H. Ledeboer................... 8vo, *I1 30

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.)
16mo, o 50
Philbrick, P. H. Beams and Girders. (Science Series No. 88.)

16mo,
Phillips, J. Gold Assaying............................ 8vo, *2 50
——Dangerous Goods. . ........... ... ... .ol 8vo, 3 50
Phin, J. Seven Follies of Science..................... 12mo, *I 25

Pickworth, C. N. The Indicator Handbook. Two Volumes
12mo, each, 1 50

—— Logarithms for Beginners ................ 12mo, boards, o 50
——TheSlideRule..................ooooiiiiiiiiit, 12mo, I 00
Plattner’s Manual of Blowpipe Analysis. Eighth Edition, re-

vised. Trans. by H. B. Cornwall...............8v0, *4 oo

Plympton, G.W. The Aneroid Barometer. (Science Series.),16mo, o0 50
—— How to become an Engineer. (Science Series No. 100.)
' 16mo, o 50
——Van Nostrand’s Table Book. (Science Series No. 104).
] 16mo, o 50
Pochet, M. L. Steam Injectors. Translated from the French.

(Science Series No. 29.)...................... 16mo, o 50

Pocket Logarithms to Four Places. (Science Series.). . . .. 16mo, o0 50

leather, 1 o0

Polleyn, F. Dressings and Finishings for Textile Fabrics.8vo, *3 oo

Pope, F. G. Organic Chemistry....................... 12mo, *2 25

Pope, F. L. Modern Practice of the Electric Telegraph.. . .8vo, 1 50

Popplewell, W. C. Prevention of Smoke................8v0, *3 50

—— Strength of Materials............................. 8vo, *1 75
Porritt, B. D. The Chemistry of Rubber. (Chemical Mono-

graphs, No. 3.)........000vieinennenninnnnnn. 12mo, *o 75

Porter, J. R. Helicopter Flying Machine............... 12mo, *1 25
Potts, H. E. Chemistry of the Rubber Industry. (Outlines of

Industrial Chemistry.)..................coooun. 8vo, *2 50

Practical Compounding of Oils, Tallow and Grease. ... .. .. 8vo, *3 50



34 D. VAN NOSTRAND COMPANY’S SHORT-TITLE CATALOG

Pratt, K. Boiler Draught........... e 12mo, *I 25
——High Speed Steam Engines......... Cevereeinneens 8vo, *2 oo
Pray, T., Jr. Twenty Years with the Indicator........... 8vo, 2 50
—— Steam Tables and Engine Constant.......... ...... 8vo, 2 oo
Prelini, C. Earth and Rock Excavation................. 8vo, *3 oo
—— Graphical Determination of Earth Slopes............ 8vo, *2 oo
—— Tunneling. New Edition.......................... 8vo, *3 oo
—— Dredging. A Practical Treatise.................... 8vo, *3 oo
Prescott, A. B. Organic Analysis....................... 8vo, 5 00
——and Johnson, O. C. Qualitative Chemical Analysis.8vo, *3 50
——and Sullivan, E. C. First Book in Qualitative Chemistry
12mo0, *1 50
Prideaux, E. B. R. Problems in Physical Chemistry. . ... 8vo, *2 oo
Primrose, G. S. C. Zinc. (Metallurgy Series.)......... (In Press.)
Prince, G. T. Flow of Water......................... 12mo, *2 oo
Pullen, W. W. F. Application of Graphic Methods to the Design
of Structures... ... 12mo, *2 50
-—— Injectors: Theory, Construction and Working......12mo, *1 50
—— Indicator Diagrams ...............cc0iiiieiinnnnns 8vo, *2 50
——Engine Testing ..........cccviiiiiiiiiniiiennnens 8vo, *4 so
Putsch, A. Gas and Coal-dust Firing................... 8vo, *3 oo
Pynchon, T. R. Introduction to Chemical Physics......... 8vo, 3 oo
Rafter, G. W. Mechanics of Ventilation. (Science Series No.
330) et e 16mo, o0 S0
—— Potable Water. (Science Series No. 103.).......... 16mo, o S0
—— Treatment of Septic Sewage. (Science Series No. 118.)
16mo, o 50
——and Baker, M. N. Sewage Disposal in the United States
4to, *6 oo
Raikes, H. P. Sewage Disposal Works.................. 8vo, *4 oo
Randau, P. Enamels and Enamelling .. ................ 8vo, *4 oo
Rankine, W. J. M. Applied Mechanics..................8ve, 5 oo
———Civil Engineering. .. ...................... ... . ... 8vo, 6 50
—— Machinery and Millwork.......................... 8vo, & o0
—— The Steam-engine and Other Prime Movers....... 8vo, 5 oo
——and Bamber, E. F. A Mechanical Textbook....... 8vo,

3 50

2
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Ransome, W. R, Freshman Mathematics.............. 12mo, *1 35
Raphael, F, C. Localization of Faults in Electric Light and
Power Mains. ...oouiqieiiiininninecinnenenn. 8vo, *3 50
Rasch, E. Electric Arc Phenomena. Ttans. by K. Tornberg.
8vo, *2 oo
Rathbone, R. L. B. Simple Jewellery................... 8vo, *2 oo
Rateau, A. Flow of Steam through Nozzles and Orifices.
Trans. by H. B. Brydon.................. ..8vo, *I1 50
Rausenberger, F. The Theory of the Recoil of Guns ..8v0o, *4 50
Rautenstrauch, W. Notes on the Elements of Machine Design,
8vo, boards, *1 50
Rautenstrauch, W., and Williams, J. T. Machine Drafting and
Empirical Design. .
Part I. Machine Drafting........... e 8vo, *1 25
Part II. Empirical Design..................... (In Preparatior.)
Raymond, E. B. Alternating Current Engineering.....12mo, *2 50
Rayner, H. Silk Throwing and Waste Silk Spinning...8vo, *2 so
Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery
Trades ........ocvviiiiininercieiennnnnannnenns 8vo, *3 50
Recipes for Flint Glass Making.......... e 12mo, *4 50
Redfern, J. B, and Savin, J. Bells, Telephones. (Installa-
tion Manuals Series.)........................ 16mo, *o 50
Redgrove, H, S. Experimental Mensuration........... 12mo, *1 25
Redwood, B. Petroleum. (Science Series No. 92.)....16mo, o 50
Reed, S. Turbines Applied to Marine Propulsion........... *s5 oo
Reed’s Engineers’ Handbook................ccoovvvunn.. 8vo, *6 oo
——Key to the Nineteenth Edition of Reed’s Tngineers’
Handbook ................cc..... [ 8vo, *3 oo
—— Useful Hints to Sea-going Engineers.............. 12m0, I 50
Reid, E. E. Introduction to Research in Organic Chemistry.
(In Press.)
Reid, H, A. Concrete and Reinforced Concrete Construction,
8vo, *s5 oo
Reinhardt, C. W. Lettering for Draftsmen, Engineers, and
Students................c...o..l. nblong 4to, boards, 1 oo
——The Technic of Mechanical Drafting. .oblong 4to, boards, *1 oo
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Reiser, F. Hardening and Tempering of Steel. Trans. by A.

Morris and H. Robson....................... 12mo, *2 50
Reiser, N. Faults in the Manufacture of Woolen Goods. Trans.

by A. Morris and H. Robson .................. 8vo, *2 so
—— Spinning and Weaving Calculations.................8vo, *5 0o
Renwick, W. G. Marble and Marble Working... ...8v0, 5 00

Reuleaux, F. The Constructor. Trans. by H. H Suplee .4to, *4 oo
Reuterdahl, A. Theory and Design of Reinforced Concrete
Arches .......iiiiiiiii i i e 8vo, *2 oo
Rey, J. Range of Electric Searchlight Projectors......8vo, *4 50
Reynolds, O., and Idell, F. E. Triple Expansion Engines.

(Science Series No.99.)...................... 16mo, o 50
Rhead, G. F. Simple Structural Woodwork.......... 12mo0, *1 oo
Rhodes, H. J. Art of Lithography...................... 8vo, 3 50
Rice, J. M., and Johnson, W. W. A New Method of Obtaining

the Differential of Functions.................. 12mo, o0 50
Richards, W. A. Forging of Iron and Steel.......... 12mo, I 50

Richards, W. A., and North, H. B. Manual of Cement Testing,
12mo0, *1 50

Richardson, J. The Modern Steam Engine............. 8vo, *3 50
Richardson, S. S. Magnetism and Electricity.......... 12mo, *2 oo
Rideal, S. Glue and Glue Testing...................... 8vo, *4 oo
Rimmer, E. J. Boiler Explosions, Collapses and Mishaps.8vo, *1 75
Rings, F. Concrete in Theory and Practice........... 12mo, *2 so
—— Reinforced Concrete Bridges........................ 4to, *s5 00

Ripper, W. Course of Instruction in Machine Drawing. . .folio, *6 oo
Roberts, F. C. Figure of the Earth. (Science Series No. 79.)
16mo, o 50
Roberts, J., Jr. Laboratory Work in Electrical Engineering
8vo, *2 oo

Robertson, L. S. Water-tube Boilers................... 8vo, 2 oo

Robinson, J. B. Architectural Composition............. 8vo, *2 50

Robinson, S. W. Practical Treatise on the Teeth of Wheels.
(Science Series No. 24.).......ccveniuannnnn. 16mo, o 50

——Railroad Economics. .(Science Series No. 59.)....16mo, o 50
——Wrought Iron Bridge Members, (Science Series No.

73 16mo, o 5o
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Robson, J. H. Machine Drawing and Sketching..... ..8v0, *1 50
Roebling, J. A. Long and Short Span Railway Bridges.. folio, 25 oo
Rogers, A. A Laboratory Guide of Industrial Chemistry..(In Press.)
—— Elements of Industrial Chemistry................. 12mo0, 3 00
——— Manual of Industrial Chemistry.................... 8vo, *s5 oo

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.)
16mo, o S0

Rohland, P. Colloidal and its Crystalloidal State of Matter.
Trans. by W. J. Britland and H. E. Potts.....12mo0, *1 2§

Rollinson, C. Alphabets...................... oblong 12mo, *1 oo
Rose, J. The Pattern-makers’ Assistant.................8v0, 2 50
—— Key to Engines and Engine-running.............. 12mo, 2 50
Rose, T. K. The Precious Metals. (Westminster Series.)..8vo, *2 oo

Rosenhain, W. Glass Manufacture. (Westminster Series.). .8vo, *2 oo
—— Physical Metallurgy, An Introduction to. (Metallurgy
Series.) ...t 8vo, *3 50
Roth, W. A. Physical Chemistry...................... 8vo, *2 oo
Rowan, F. J. Practical Physics of the Modern Steam-boiler.8vo, *3 oo
——and Idell, F. E. Boiler Incrustation and Corrosion.

(Science Series No. 27.). .......cccovvvnnnnnn.. 16mo, o 50
Roxburgh, W. General Foundry Practice. (Westminster
Series.) ....iiiiiiiiiiiiins ciiiii e, 8vo, *2 oo
Ruhmer, E. Wireless Telephony. Trans. by J. Erskine-
Murray. ......oiiiiiii i e 8vo, *3 50
"Russell, A. Theory of Electric Cables and Networks. . .. .. 8vo, *3 oo
Rutley, F. Elements of Mineralogy................... 12mo, *1 25
Sanford, P. G. Nitro-explosives........................ 8vo, *4 oo
Saunders, C, H. Handbook of Practical Mechanics...... 16mo, I oo
leather, 1 25
Sayers, H. M. Brakes for Tram Cars................... 8vo, *1 25
Scheele, C. W. CHemical Essays......... ............. 8vo, *2 oo
Scheithauer, W. Shale Oils and Tars.................. 8vo, *3 50

Scherer, R. Casein, Trans. by C. Salter................ 8vo, *3 oo
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Schidrowitz, P. Rubber, Its Production and Industrial Uses,

8vo, *s5 oo
Schindler, K. Iron and Steel Construction Works. . . .. 12mo, *1 a5
Schmall, C. N. First Course in Analytic Geometry, Plane and
Solideso oo 12mo, half leather, *1 %5
Schmeer, L. Flowof Water........................... 8vo, *3 oo
Schumann, F. A Manual of Heating and Ventilation. .
. 12mo, leather, 1 50
Schwartz, E. H. L. Causal Geology.....................8v0, *2 50
Schweizer, V. Distillation of Resins..................... 8vo, *4 so
Scott, W. W. Qualitative Analysis. A Laboratory Manual,
8vo, *1 50
——Standard Methods of Chemical Analysis............ 8vo, *6 oo
Scribner, J. M. Engineers’ and Mechanics’ Companion.
16mo, leather, 1 50
Scudder, H. Electrical Conductivity and Ionization Constants
of Organic Compounds. ......................... 8vo, *3 oo
Searle, A. B. Modern Brickmaking................... 8vo, *s oo
—— Cement, Concrete and Bricks....................... 8vo, *3 oo
Searle, G. M. ‘ Sumners’ Method.” Condensed and Improved.
(Science Series No. 124.).........ccovvvinnen. 16mo, o 50
Seaton, A. E. Manual of Marine Engineering.......... 8vo, 8 oo
Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine
Engineering ............ Geetecintnann 16mo, leather, 3 50
Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India
Rubber and Gutta Percha. Trans. by J. G. McIntosh
8vo, *s5 00
Seidell, A, Solubilities of Inorganic and Organic Substances,
8vo, *3 o0
Seligman, R. Aluminum. (Metallurgy Series)......... (In Press.)
Sellew, W. H. Steel Rails...........ocovvviiiiinn.n. ato, *10 00
——Railway Maintenance Eagineering............... 12mo, *2 s0
Senter, G. Outlines of Physical Chemistry........... 12mo, *1 7s
—— Textbook of Inorganic Chemistry................ 12mo, *1 7s
Sever, G. F. Electric Engineering Experiments .. .. 8vo, boards, *1 oo

——and Townsend, F. Laboratory and Factory Tests in Elec-
trical Engineering.................. ... 8vo,
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Sewall, C. H. Wireless Telegraphy..................... 8vo, *2 oo
—— Lessons in Telegraphy........................... 12mo, *1 oo
Sewell,. T. The Construction of Dynamos.............. 8vo, *3 oo
Sexton, A. H. Fuel and Refractory Materials . ... ... 12mo, ¥2 50
—— Chemistry of the Materials of Engineering. . ........ 12mo, %2 50
—— Alloys (Non-Ferrous)............................. 8vo, *3 oo
——and Primrose, J. S, G. The Metallurgy of Iron and Steel,

: 8vo, *6 so
Seymour, A. Modern Printing Inks..................... 8vo, *2 oo
Shaw, Henry S. H. Mechanical Integrators. (Science Series

No. 83.) oottt 16mo, o 50
Shaw, S. History of the Staffordshire Potteries........ 8vo, 2 0o
——Chemistry of Compounds Used in Porcelain Manufacture 8vo, *s oo
Shaw, T. R. Driving of Machine Tools.............. 12mo0, *2 oo
Shaw, W. N. Forecasting Weather.................... 8vo, *3 50
Sheldon, S., and Hausmann, E. Direct Current Machines.12mo, *2 50
—— Alternating-current Machines .................... 12mo, *2 50
—— Electric Traction and Transmission Engineering..12mo, *2 5o
—— Physical Laboratory Experiments.................. 8vo, *1 25
Shields, J. E. Note on Engineering Construction..... .12mo, I 50
Shreve, S. H. Strength of Bridges and Roofs ............ 8vo, 3 50
Shunk, W. F. The Field Engineer...............72mo, mor.,, 2 50
Simmons, W. H., and Appleton, H. A. Handbook of Soap
Manufacture.................... ... ... ... 8vo, *3 oo
Simmons, W, H., and Mitchell, C. A. Edible Fats and Oils,
‘ 8vo, *3 oo
Simpson, G. The Naval Constructor............. 12mo, mor., *s 00
Simpson, W. Foundations........................ 8vo (In Press.)
Sinclair, A. Development of the Locomotive Engine.
8vo, half leather, 35 oo
Sindall, R. W. Manufacture of Paper. (Westminster Series.)
‘8vo, *2 oo
——and Bacon, W. N. The Testing of Wood Pulp....8v0o, *2 50
Sloane, T. O’C. Elementary Electrical Calculations.....12mo, *2 oo
Smallwood, J. C. Mechanical Laboratory Methods. (Van
Nostrand’s Textbooks.)............... 12mo, leather, *2 s0
Smith, C. A. M. Handbook of Testing, MATERIALS. .8vo, *2 50
——and Warren, A. G. New Steam Tables............ 8vo, *1 23
Smith, C. F. Practical Alternating Currents and Testing. .8vo, *2 50
—— Practical Testing of Dynamos and Motors........... 8vo, *2 oo
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Smith, F. A, Railway Curves........................ 12mo, *1 oo
—— Standard Turnouts on American Railroads........ 12mo, *1 oo
—— Maintenance of Way Standards.................. 12mo, *1 50

Smith, F. E. Handbook of General Instructioa for ITechauaics.
12mo, I 50

Smith, H. G. Minerals and the Microscope.........12mo, *r1 25
Smith, J. C. Manufacture of Paint................... 8vo, *3 50
Smith, R, H. Principles of Machine Work.......... 12mo,
——Advanced Machine Work......................... 12mo, *3 00
Smith, W. Chemistry of Hat Manufacturing........... 12mo, *3 00
Snell, A. T. Electric Motive Power..................... 8vo, *4 00
Snow, W. G. Pocketbook of Steam Heating and Ventilation,
(In Press.)
Snow, W. G., and Nolan, T. Ventilatioa of Duildings. (Science
Series NO. 5.)...ccev i 16mo, o 50
Soddy, F. Radioactivity.............................. 8vo, *3 oo

Solomon, M. Electric Lamps. {Westminster Series.).....8vo, *2 oo
Somerscales, A. N. Mechanics for Marine Engineers..12mo, *z oo
—— Mechanical and Marine Engineering Science........ 8vo, *s5 oo
Sothern, J. W. The Marine Steam Turbine........... 8vo, *6 oo
——Verbal Notes and Sketches for Marine Engineers....8vo, *7 50
Sothern, J. W., and Sothern, R. M. Elementary Mathematics

for Marine Engineers........................ 12mo, *1 50
——Simple Problems in Marine Engineering Design..12mo, *1 so
Southcombe, J. E. Chemistry of the Oil Industries. (Out-

lines of Industrial Chemistry).................. 8vo, *3 oo
Soxhlet, D. H. Dyeing and Staining Marble. Trans. by A.

Morris and H. Robson..... ................... 8vo, *2 50
Spangenburg, L. Fatigue of Metals. Translated by S. H.

Shreve. (Science Series No. 23.)..............16mo, o0 50

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topo-
graphical Surveying. (Science Series No. 72.). .16mo, o 50
Spencer, A. S. Design of Steel-Framed Sheds.......... 8vo, *3 50
Speyers, C. L. Text-book of Physical Chemistry........ 3vo, *1 50
Spiegel, L. Chemical Constitution and Physiological Action.
(Trans. by C. Luedeling and A. C. Boylston.) .12mo, *1 25



D VAN NOSTRAND COMPANY’S SHORT-TITLE CATALOG 41

prague, E. H. Elementary Mathematics for Engineers1amo, 1 50

——Elements of Graphic Statics...................... 8vo, 2 oo
sprague, E. H, Hydraulics..................ccooeunen 12mo, *I1 50
—— Stability of Masonry.............. ...cveevennnn 12mo, *I1 50
Stahl, A, W, Transmission of Power. (Science Series No, 28.)
16mo
——and Woods. A. T. Elementary Mechanism...... xzmo: *3 00
Staley, C., and Pierson, G. S. The Separate System of
SeWerage ..........iiiiiiiiiiiiiiiiiii i 8vo, *3 oo
Standage, H. C. Leatherworkers’ Manual.............. 8vo, *3 50
—— Sealing Waxes, Wafers, and Other Adhesives...... 8vo, *2 oo
—— Agglutinants of All Kinds for All Purposes...... 12mo0, *3 50
Stanley, H. Practical Applied Physics................ (In Press.)
Stansbie, J. H. Iron and Steel. (Westminster Series.)..8vo, *2 oo
Steadman, F. M. Unit Photography.................... 12m0, *2 o0

Stecher, G. E. Cork. Its Origin and Industrial Uses..12mo, 1 o0
Steinman, D. B. Suspension Bridges and Cantilevers.

(Science Series No. 127.).......ccvviviinninnnnnnns 0 50
—— Melan’s Steel Arches and Suspension Bridges......8vo, *3 oo
Stevens, H. P. Paper Mill Chemist................... 16mo, *2 50
Stevens, J. S. Theory of Measurements................ 12mo, *I1 25
Stevenson, J. L. Blast-Furnace Calculations..12mo, leather, *a2 oo
Stewart, G. Modern Steam Traps.................... 12mo, *1 2§
Stiles, A. Tables for Field Engineers................. 12mo, . I 00
Stodola, A. Steam Turbines. Trans by L. C. Loewenstein.8vo, *s5 oo
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Stopes, M. Ancient Plants........................... 8vo, *2 oo
—— The Study of Plant Life.......................... 8vo, *2 oo
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Suffling, E. R. Treatise on the Art of Glass Painting....8vo, *3 50
Sullivan, T. V., and Underwood, N. Testing and Valuation

of Building and Engineering Materials........ (In Press.)
Sur, F. J. S. 0il Prospecting and Extracting........... 8vo, *1 oo
Svenson, C. L. Handbook on Piping.................... (In Press.)

Swan, K. Patents, Designs and Trade Marks. (Westminster
Series.) ...ttt e e 8vo, *a 00
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Swinburne, J., Wordingham, €. H., and Martin, T. C. Electric
Currents. (Science Series No. 109.)........... 16mo, o 50
Swoope, C. W. Lessons in Practical Electricity........ 12mo, *2 oo

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics.8vo, *6 oo
Tate, J. S. Surcharged and Different Forms of Retaining-
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——Masonry in Civil Engineering...................... 8vo, *2 50
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Taylor, W. P. Practical Cement Testing............... 8vo, *3 oo

Templeton, W. Practical Mechanic’s Workshop Companion,
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Tenney, E. H. Test Methods for Steam Power Plants.
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Vol. II. Design of Simple Structures................. *4 00
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Thiess, J. B, and Joy, G. A. Toll Telephone Practice..8vo, *3 so
Thom, C., and Jones, W. H. Telegraphic Connections,
oblong 12mo, 1 50

Thomas, C. W. Paper-makers’ Handbook.............. (In Press.)
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Thornley, T. Cotton Combing Machines................ 8vo, *3 oo
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Second Year ..........ciiiiiiiiiiiiiiii i *3 00
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Tillmans, J. Water Purification and Sewage Disposal. Trans.
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Tinney, W. H. Gold-mining Machinery......... P 8vo, *3 0o0.
Titherley, A. W. Laboratory Course of Organic Chemistry.8vo, *2 oo
Tizard, H. T. Indicators..................ccovvennnnns (In Press.)
Toch, M, Chemistry and Technology of Paints.......... 8vo, *4 oo
—— Materials for Permanent Painting............... 12mo, *2 oo
Tod, J., and McGibbon, W. C. Marine Engineers’ Board of
Trade Examinations ........................... 8vo, *2 oo
Todd, J., and Whall, W. B. Practical Seamanship......8v0o, 8 oo
Tonge, J. Coal. (Westminster Series.)............... 8vo, *2 oo
Townsend, F. Alternating Current Engineering. .8vo, boards, *o 75
Townsend, J. Ionization of Gases by Collision.......... 8vo, *1 25

Transactions of the American Institute,of Chemical Engineers.
Eight volumes now ready. Vols. I. to IX., 1908-1916,
8vo, each, *6 oo
Traverse Tables. (Science Series No. 115.)..........16mo, 0 50
mor., 1 00
Treiber, E. Foundry Machinery. Trans. by C. Salter..12mo, *1 50
Trinks, W. and Housum, C. Shaft Governors. (Science
Series No. 122.) ... .ciiiiii i iiiinnnens 16mo, 0 50
Trowbridge, D. C. Handbook for Engineering Draughtsmen.
(In Press.)
Trowbridge, W. P. Turbine Wheels, (Science Series No. 44.)
16mo, o 50
Tucker, J. H. A Manual of Sugar Analysis............. 8vo, 3 50
Tunner, P, A, Treatise on Roll-turning. Trans. by J. B.
Pearse.................... 8vo text and folio atlas, 10 oo
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Turnbull, Jr.,, J., and Robinson, S. W. A Treatise on the
Compound Steam-engine. (Science Series No, 8.)

16mo
Turner, H. Worsted Spinners’ Handbook..... e mmo: *2 00
Turrill, S. M. Elementary Course in Perspective...... 12mo, *1 25
Twyford, H. B. Purchasing.................... PO 8vo, *3 oo
Tyrrell, H. G. Design and Construction of Mill Buildings.8vo, *4 oo
—— Concrete Bridges and Culverts............ 16mo, leather, *3 oo
—— Artistic Bridge Design............................. 8vo, *3 oo
Underhill, C. R. Solenoids, Electromagnets and Electromag-
netic Windings ................. .. ... ... 12mo, *2 oo
Underwood, N., and Sullivan, T. V. Chemistry and Tech-
nology of Printing Imks........................ 8vo, *3 oo
Urquhart, J. W. Electro-plating........... e 12mo, 2 0o
—Electrotyping ........coiiiiiiiiiiiiii i 12m0, 2 0O
Usborne, P. 0. G. Design of Simple Steel Bridges......8vo, *4 oo
Vacher, F. Food Inspector’s Handbook............... 12mo, *3 oo
Van Nostrand’s Chemical Annual. Third issue 1913. Leather,
12mo, *z 50
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—— Year Book of Mechanical Engineering Data........ (In Press.)
Van Wagenen, T. F. Manual of Hydraulic Mining..... 16mo, 1 oo
Vega, Baron, Von. Logarithmic Tables............ 8vo, cloth 2 oo
half mor.,, 2 s0
Vincent, C. Ammonia and its Compounds . Trans. by M. J.
Salter ......c.ciiiiiiiiiii i e 8vo, *2 oo
Volk, C. Haulage and Winding Appliances.............. 8vo, *4 oo
Von Georgievics, G. Chemical Technology of Textile Fibres.
Trans. by C. Salter.................c.oiiiint. 8vo, *4 50
—— Chemistry of Dyestuffs. Trans, by C. Salter....... 8vo, *4 s0
Vose, G. L. Graphic Method for Solving Certain Questjons in
Arithmetic and Algebra. (Science Series No. 16.)
16mo, o 50
Vosmaer, A. 0zome.............cocvvviiivenrnneenerenen 8vo, *2 50
Wabner, R. Ventilation in Mines. Trans ., by C. Salter. .8vo, *4 50
*4 00

Wade, E. J. Secondary Batteries....................... 8vo,

— e
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Wadmore, J. M. Elementary Chemical Theory.......12mo0, *1 50
Wadsworth, C. Primary Battery Ignition............. 12mo, *o 50
Wagner, E. Preserving Fruits, Vegetables, and Meat. ..12mo, *2 50
Wagner, J. B. A Treatise on the Natural and Artificial
Processes of Wood Seasoning............. 8vo, (In Press.)
Waldram, P. J. Principles of Structural Mechanics...12mo, *3 oo
Walker, F. Aerial Navigation......................... 8vo, 2 oo
——Dynamo Building. (Science Series No. 9¢8.)......16mo, o0 50
Walker, J. Organic Chemistry for Students of Medicine.8vo, *2 50
Walker, S. F, Steam Boilers, Engines and Turbines....8vo, 3 oo
—— Refrigeration, Heating and Ventilation on Shipboard,
12mo, *2 oo
——Electricity in Mining...................... e 8vo, *3 50
Wallis-Tayler, A. J. Bearings and Lubrication.......... 8vo, *1 50
—— Aerial or Wire Ropeways............coeveinennnn. 8vo, *3 oo
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Wanklyn, J. A. Water Analysis.......eo0ovvvvievnnnn. 12mo, 2 00
Wansbrough, W. D. The A B C of the Differential Calculus,
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Warnes, A. R. Coal Tar Distillation................... 8vo, *3 0o
Warren, F. D. Handbook on Reinforced Concrete...... 12mo, *2 50
Watkins, A. Photography. (Westminster Series.)......8v0, *2 oo
Watson, E. P. Small Engines and Boilers. ............ 12mo, I 25
Watt, A. Electro-plating and Electro-refining of Metals.8vo, *4 so
lectro-metallurgy .............ccciieienenennn.. 12me, I 00
——The Art of Soap-making...............ceovvuuunn. 8vo, 3 oo
—— Leather Manufacture .................... [P 8vo, *4 oo
——Paper MaKing ..........c.cciveiveenreennennennnans 8vo, 3 0o
Webb, H. L. Guide to the Testing of Insulated Wires and
Cables . ..........iieiiiiiiieiie e, 12mo, 1 00
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Webber, W. H. Y. Town Gas. (Westminster Series.)...8vo, *2
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Weisbach, J. A Manual of Theoretical Mechanics.......8v0, *6 oo
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——and Herrmann, G. Mechanics of Air Machinery....8vo, *3 75
Wells, M. B. Steel Bridge Designing................... 8vo, *2 50
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Wheatley, 0. Ornamental Cement Work................ 8vo, *2 oo
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White, G. F. Qualitative Chemical Analysis.......... 12mo, *1 25
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Widmer, E. J. Observation Ballooms............ 12mo, (In Press.)

Wilcox, R, M. Cantilever Bridges. (Science Series No. 25.)
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Wilda, H. Steam Turbines. Trans. by C. Salter....12mo, *r1 so
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Wilkinson, H. D. Submarine Cable Laying and Repairing.8vo, *6 oo
Williamson, J. Surveying..................cooviininn. 8vo, *3 oo
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—— Practical Tables in Meteorology and Hypsometry..4to, 2 50
Wilson, F. J., and Heilbron, I. M. Chemical Theory and Cal-
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Wimperis, H. E. Internal Combustion Engine............ 8vo, *3 oo
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—— Primer of Internal Combustion Engine............. 12mo, *1 oo

Winchell, N. H., and A. N. Elements of Optical Mineralogy.8vo, *3 so
Winslow, A. Stadia Surveying. (Science Series No.77.).16mo, o 50
Wisser, Lieut. J. P. Explosive Materials. (Science Series No.
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16mo,
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Zeuner, A. Technical Thermodynamics. Trans. by J. F.

Klein. Two Volumes.... .. ......8v0, *3 oo
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4to, *12 50

Zipser, J. Textile Raw Materials. Trans. by C. Salter.....8vo, *s oo
Zur Nedden, F. Engineering Workshop Machines and Proc-
esses. Trans, by J. A, Davenport ..............8v0, *2 oo
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